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ABSTRACT

THE HISTOLOGY OP THE DIGESTIVE TUBE
OP THE CYPRINODONTIFORM PISH
FUNDULUS HETEROCLITUS

(LINNAEUS)

by

ROBERT HENRY CIULLO

In the present investigation l)

the histology of

the digestive tube of the cyprinodontiform fish Fundulus
h e t e r o cl it us , 2)

the effects of starvation on the hi s to 

logical composition of the digestive tube,

and 3)

the

effects of controlled dietary conditions on the hi sto 
logical composition of the digestive tube have been
observed and described.
The natural history of P. heteroclitus is des
cribed.

Specimens of this fish were collected from the

tidal salt water-marsh area of Great Bay, New Hampshire.
Small populations of male and female fish were maintained
under controlled conditions of starvation and feeding with
white bread,

crab meat and dogfish liver

(Squalus a c a nt h ia s) .

Tissue processing involved the use of several different
fixatives.

A typical paraffin embedding technique and a

tissue freezing technique were employed.

Both histo lo

gical and histochemical staining techniques were utilized.
xi

The anatomy and histology of the digestive tube
are described.

The esophagus is joined to the intestine

by a short but distinct transition zone.

A definite

sphincter is not present between the transition zone and
the intestine.

There is no stomach.

A definite ileo-

rectal valve delimits the posterior intestine from the
rectum.
The stratified esophageal epithelium contains large
saccular mucous cells that are different in appearance from
the typical goblet cells of the transition zone,
tine and the rectum.

the intes

The epithelium of the intestine and

the rectum consists of columnar absorptive cells and typi
cal goblet cells.
wandering cells,

In addition,

there are lymphocytic

granular cells and rodlet cells.

In the carbohydrate and protein fed series of fish,
the major evidence of digestive/absorptive activity appears
in the distal portion of the posterior intestine and the
anterior rectum.

The gradual change in the size of food

vacuoles in these regions and the absence of granular con
tents in many of them from 3 to 9 hours after a meal of
white bread suggests a rather constant rate of digestion
and absorption of carbohydrate foodstuffs.

The variability

in the size and in the presence of food vacuoles in d if
ferent fish from 3 to 9 hours after a meal of crab meat
suggests a less constant rate of digestion and absorption
of protein foodstuffs.

The evidence from the series of

fish fed a meal of dogfish liver,

xii

as correlated with the

absorption of neutral lipids,

tends to reinforce the con

clusion that the major digestive/absorptive activity in P.
heteroclitus occurs in the posterior intestine and the
rectum.

The band of PAS positive granules which appear at

the boundary between the sub-border and the supranuclear
regions and which is mainly found in the posterior intes
tine and the rectum may be associated with secretory and/
or absorptive activity.
The phospholipid series of fed fish presents
supporting evidence as to the presence of lipids in the
supranuclear regions of the absorptive cells.

The sub

border and the supranuclear regions in the intestine and
the rectum of the carbohydrate and protein fed fish exhib
its a pattern of vacuolization at the tips and the sides
of the mucosal folds which is similar to the same regions
in the lipid fed fish.

These vacuoles did not stain with

the non-lipid techniques employed due to the removal of
both the neutral lipids and the phospholipids by lipid
soluble reagents used in the paraffin technique.
Alkaline phosphatase activity is found in the free
border of the intestine and the rectum and in the sub
mucosa throughout the digestive tube.

Phosphatase activity

in the free border of the intestine and the rectum in the
protein fed fish is similar to the same regions in the 3hour carbohydrate fed fish.

Phosphatase activity in the

submucosa of the intestine and the rectum in the protein
fed fish is similar to the same regions in the carbohydrate

xiii

fed fish.

The present evidence suggests that seasonal

distribution of alkaline phosphatase does not occur in P.
heteroclitus.

xiv

SECTION I

INTRODUCTION

Through the years,
heteroclitus

the cyprinodontiform fish Fundulus

(Linnaeus) has been used as an experimental

animal in biology,
and physiology.

particularly in pharmacology,

Therefore,

embryology

it was surprising to find few

references to the anatomy and histology of its digestive
system.

The complete absence of a stomach in the common

mummichog,

Fundulus h e t e r o c l i t u s , both structurally and

physiologically,
Bowie

(1928).

was clearly demonstrated by Babkin and

This study was essentially a physiological

investigation,

and little histological information was pro

vided.
Schacht

(1931) described the histological composi

tion of the pharynx,

the esophagus and the transition zone

of several species of cyprinodontiform fishes.

Neither the

major portion of the intestine nor the rectum were referred
to by him.

The nutritional status of the fishes was not

indicated.

Basic similarities of the fishes investigated

were noted,

as well as slight differences in the di stribu

tion and abundance of certain cell types.
Hale

(1965) described the anatomy and histology of

the digestive system of the guppy, P oecilia r e t i c u l a t a .
Specific histological details were given only for the p o s 
terior part of the esophagus and the intestine.

1

Neither

2
the transition zone nor the rectum were mentioned.
with Schacht,

As

the nutritional status of the fish was not

indicated.
Bullock

(1967) described the anatomy and histology

of the intestinal tract of the mosquito fish Gambusia
affinis.

He presented specific histological details for

the esophagus,
rectum.

the transition zone,

the intestine and the

The nutritional status of the fish was indicated,

together with some dietary effects on the absorptive cells
lining the digestive tube,
changes.

as correlated with cytological

Bullock also considered the nature,

distribution,

and abundance of various cell types.
The purpose of the present investigation is to
observe,

record and describe:

l)

the histology of the

digestive tube of Fundulus h e t e r o c l i t u s ; 2)

the effects

of starvation on the histological composition of the diges
tive tube;

3)

the effects of controlled dietary conditions

on the histological composition of the digestive tube.

3

SECTION II

NATURAL HISTORY

The work of Bigelow and Schroeder

(1953) provides

a valuable source of information about the fishes of the
Gulf of Maine.

Around the entire coastline of this gulf,

the common mummichog,

Fundulus h e t e r o c l i t u s , is recognized

for its universal presence in suitable habitats.

In dif

ferent coastal regions it is known by a variety of names:
killifish,
marsh,

salt-water minnow,

sheltered shore line,

chub,

or mummy.

Any salt

brackish estuary,

tidal creek,

ditch or muddy pool will most certainly abound with this
fish.

Its range is the coast of North America,

from

Anticosti Island in the Gulf of St. Lawrence south along
the Atlantic Coast to the Matanzas River,
northeastern Florida (Brown,

1957).

primarily found in brackish water,
in fresh or salt water.

St. Johns County,

This killifish is
although it lives well

They probably do not descend to a

depth of more than a couple of fathoms in their seemingly
endless

journeys with the changing tides.
In the Gulf of Maine,

represented by three species:

the family Cyprinodontidae is
Fundulus het ero c li tu s,

Fundulus majalis and C.yprinodon va r i e g a t u s .

There is no

difficulty in distinguishing between the three species.
Body form and teeth separate the genus Cyprinodon from
Fundulus.

Whereas Fundulus majalis of all ages is barred

4
or streaked with black,

the adult Fundulus heteroclitus is

not so marked.
This fish exhibits a number of striking character
istics:

a blunt snout as seen from above,

head is flat between the eyes,
and a rounded caudal fin.
distinguishing:

the top of the

a very deep caudal peduncle

Moderate sized fins are also

one soft-rayed dorsal fin situated behind

the middle of the body above the anal fin,

the pectorals

are broad and rounded and the ventrals are situated on the
abdomen.

The mummichog displays a striking sexual dim or 

phism in the dorsal and anal fins,
the male than in the female.

with the fins larger in

The anal fins are of a dif

ferent shape and are more muscular in the male,
as claspers in

the act of spawning.

being used

Both the head and body

are covered with large rounded scales.
This killifish varies in shade of color,
pale to dark,

from very

depending on the color of the s u r r o u n d i n g s .

Males and females differ in color,

and color changes are

also correlated with spawning and non-spawning seasons.
Out of breeding season,

the male is dark greenish or steel

blue on top, v/ith white and yellow spots.

The sides are

marked v/ith narrow irregular silver bars or mottlings.
The belly is in sharp contrast with the top,
pale yellow or

orange. The dorsal,

anal,

are dark green

or dusky with pale mottlings.

being white,

and caudal fins
The front

edges of the anal and ventral fins are yellow.

Often,

there is a dark edged, pale-centered eyespot on the rear

5
part of the dorsal fin.

The female displays a muc h paler

coloring in both its body and fins.
to green color,
belly,

It is a uniform olive

being darker on top and lighter on the

without definite markings.

The sides may show faint

and indefinite crossbars of a deeper tone of the same hue.
In size the common mummichog may reach a maximum
length of 125 to 150 mm.

However,

dom more than 80 to 100 mm.

the adult fish are sel

long in the Gulf of Maine.

Fundulus heteroclitus is one of the hardiest of
fishes.

It is extremely resistant to a lack of oxygen,

to

the presence of carbon dioxide and to foul surroundings in
general.

At ebb tide,

intertidal pools.

these fish may become trapped in

If the pools go dry,

they may burrow

into the mud.
In the winter,

these fish live in a more or less

sluggish state on the bottoms of the deeper holes or creeks,
buried 6 to 8 inches deep in the mud.

There is no evidence

that they move out to sea during the winter season.
The common mummichog is an omnivorous feeder,
gesting both plant and animal life.

The contents of its

gut reveal a broad selection of foods:
Foraminifera,

small Crustacea,

in

diatoms,

molluscs,

eelgrass,

annelids,

and fish.

They also feed on their own or each other's eggs at spawning
time.
Spawning takes place in June,
Courtship is active,

July and early August.

and rivalry between males is keen.

The male clasps the female at spawning,

usually against

some object but sometimes free in the water.

6
The eggs are about 2 mm.
orless or pale yellowish.

in diameter,

and are col

They are surrounded by a firm

capsule and become very sticky on contact with water.
eggs sink and mass together in clumps,

The

or stick fast to sand

grains or anything else wi t h which they come in contact.
Incubation time is probably temperature dependent and takes
from nine to 18 days.

7

SECTION III

MATERIALS AND METHODS

Specimens of Fundulus heteroclitus were collected
by a m in now trap from Johnson's Creek (43° 8' 3"N,
40"W, USGS, Dover, N. H.-Maine 15),
on the Oyster River

(43° 8' 15"N,

70° 54'

and Jackson's Landing

70° 54' 7 " W ) .

Both

streams are part of the tidal salt water-marsh area of
Great Bay,

New Hampshire.

The fish were transported in a

plastic bucket to the marine cold room, Department of Zo
ology,

Spaulding Life Science Building,

of New Hampshire.

at the University

They were maintained in an aerated

aquarium containing fifty per cent sea water at a tempera
ture of 12°C.

Forty-eight hours without feeding were

allowed for clearing of the gut lumen.
Small populations of male and female fish were
maintained as needed under the following conditions:
vation for periods of two,
to being killed;

four,

six and eight days, prior

a meal of crab meat prior to being killed

at periods of three,

six and nine hours;

a meal of white

bread prior to being killed at periods of three,
nine hours;

six and nine

Over 90 fish were used for this study.
The fish used ranged from 65 to 85 mm.

length.

six and

and a meal of dogfish liver (Squalus acanthias)

prior to being killed at periods of three,
hours.

star

in total

Each fish was killed by severing the vertebral

column just back of the skull.

A dorsolateral incision was

made on one side from the upper edge of the operculum to
behind the anus.

This approach exposed the digestive tract

from the mouth to the anus.

The digestive tube,

which in

cludes that region from the esophagus to the rectum was
then removed.
sections;

The digestive tube was divided into three

the first section contained the esophagus,

transition zone and the anterior intestine,

the

the second

section constituted the middle intestine and the third
section contained the posterior intestine and the rectum.
Each of the three sections was immediately dropped into
ice-cold fixative.
digestive tube,

Beginning with the anterior end of the

each of the cut sections was designated by

number as one through three.
Tissue processing involved the fixation of the
series of intestinal sections in each of the following
fixatives:

Bouin's,

85 i° ethyl alcohol,

10 fo neutral buffered formalin,

and Vfo formalin-calcium.

washing was used for each fixative.

Helly's,

Appropriate

A typical paraffin

embedding technique was employed for the first four fixa
tives and the digestive tube was sectioned serially (7
microns)

in cross section on a rotary microtome.

The in

testinal sections fixed in l°fo formalin-calcium were
sectioned

(10-25 microns)

in cross section on a clinical

freezing microtome.
Following appropriate fixation,
tioning,

embedding and sec

a number of different histological and histochemical
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techniques were employed.
niques included:
and fast green,

The histological staining tech

Ehrlich's hematoxylin and eosin,
G o m o r i 's trichrome,

safranin

Mallory's phospho-

tungstic acid hematoxylin (MPH), Oil Red 0 for lipids as
outlined in Humason (1962).
Histochemical procedures employed:
eosinate as outlined by Lillie
(PAS)

for polysaccharides

(1948),

(Davenport,

buffered azure-

periodic acid-Schiff
I960),

alcian blue

for acid mucopolysaccharides as outlined by Barka and
Anderson (1965),
and Steele
lipids

aldehyde-fuchsin as modified from Cameron

(1959),

(Davenport,

and Baker's acid hematin test for pho sp ho
I960).

Alkaline phosphatase distribution

was determined using a modified Gomori technique
1955 and 1958).

(Bullock,
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SECTION IV

GENERAL MOR PHOLOGY

External.

The digestive tube of Fundulus h e te ro 

clitus consisted of the esophagus,
rectum.

the intestine and the

The remarkably short esophagus originated at the

posterior end of the pharynx and joined the intestine at
its anterior end.

There was no distinct external line of

demarcation at the junction of the esophagus with the in
testine.

Three distinct intestinal sections were present:

the first section included the esophagus and the anterior
intestine;

the second section,

third section,

the middle intestine;

the

the posterior intestine and the rectum.

The anterior region of the first intestinal section
displayed a noticeable swelling,
well-fed fish.
riorly,

which was very evident in

The section tapered as it proceeded poste

dorsally and slightly to the left.

The posterior

end of the section formed a loop around the posterior end
of the liver.

It then extended anteriorly and dorsally

along the left aspect of the visceral cavity to form the
second intestinal section.

This section formed a sharp

ventrally directed loop at the level of the postesophageal
region.
the anus,

It then extended posteriorly as a straight tube to
to form the third intestinal section.

a discernable

There was

external indentation between the end of the

posterior intestine and the anterior end of the rectum.
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Internal.

The esophagus exhibited distinct and

straight longitudinal folds which extended its entire length.
These folds increased in height toward the
zone,

rief transition

from their anterior origin with the pharyngeal mucosa.

The longitudinal folds ended abruptly at the beginning of
the transition zone.
erate in height,

The esophageal folds were thin, m o d 

and displayed a broad ribbon-like form.

In the brief transition zone,
thinner,

the mucosal folds were

higher and showed a narrower form.

These folds

produced a distinct zone between the esophagus and the in
testine.

The longitudinal pattern of the folds in the

esophagus was continuous with the folds of this zone,

but

changed abruptly to an irregular winding pattern.
The folds of the transition zone were continuous
with the mucosal folds of the anterior intestine.

Here,

the folds were broader and showed a compact zigzag pattern.
This pattern was found in about one quarter of the anterior
intestine.

The folds in the remaining portion of the ante

rior intestine were shorter and exhibited a winding but less
zigzag pattern.

The form and pattern of the folds in this

region continued throughout the middle and posterior intes
tine.

However,

thicker,

in the posterior intestine,

the folds became

broader and more plate-like and gradually became

orientated in a longitudinal direction toward the ileorectal

junction.

At the junction of the posterior intestine

wit h the rectum,

there was a band of thick and broad mucosal

folds v/hich constituted a distinct zone of demarcation be-
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tween these two regions.
The rectal mucosa was thrown into pyramidal shaped
folds which were longitudinally orientated.
thick, moderately high and broad in form.
gion,

The folds were
In the anal re

the pattern of the mucosal folds became more irregular.
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SECTION V

OBSERVATIONS

ESOPHAGUS

GENERAL HISTOLOGY

The histology of the esophagus was similar in the
starved fish series and in the series of fish fed either
white bread,

crab meat,

or dogfish liver.

A large number

(40 to 46) of distinct longitudinal folds extended the
entire length of the esophagus

(Pig. 1).

existed between major and minor folds.
with a type of stratified epithelium.
were present in this epithelial layer:

A differentiation
The mucosa was lined

Two basic cell types
the basal and super

ficial epithelial cell and the saccular mucous cell.

The

submucosa included neither a stratum compactum nor a muscularis mucosae,

and was basically similar to that of the

transition zone,

the intestine and the rectum which will be

described in more detail later.

The muscularis was com

posed of a single circular layer of skeletal muscle.
thin serosa was present.
lial cell types,

A

In addition to the basic epithe

lymphocytic wandering cells and granular

cells were present in varying numbers.

Rodlet cells,

such

as those to be described for the intestine and the rectum
were not observed in the esophagus.
Mucosa.

The basal epithelial cells were small,
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polygonal in shape and tightly packed together

(Fig.

2).

The cell boundaries were not clearly^-visible in most cases.
The cytoplasm was lightly granular and characteristically
basophilic.

The nuclei of these cells were oval to angular

in shape and relatively large.
irregular chromatin network,

The nucleus contained an

but no distinct nucleolus was

visible.
The superficial epithelial cells were present in
many regions of the epithelium (Fig. 3).

In most regions,

these cells were flattened upon the surface of the saccular
mucous cells.

The cell boundaries were more distinct and

the cytoplasm less basophilic than those of the basal epi
thelial cells.

The nuclear characteristics were similar to

those of the basal cells.
lium,
folds,

In some regions of the epithe 

particularly at the tips and the sides of the large
the superficial epithelial cells exhibited a well

defined convex surface directed towards the lumen of the
esophagus

(Fig. 4).

These cells were relatively large when

compared with the flattened superficial epithelial cells.
The most prominent and distinctive feature of the
epithelium was the presence of numerous large saccular
mucous cells

(Fig.

2).

These cells were abundant at the

base and on the sides of the larger mucosal folds,
reduced in number at the tips of the folds.

but were

Man y of the

smaller folds showed the tips covered with mucous cells
(Fig.

5).

In some regions of the epithelium,

the outer

membrane of the mucous cells was directly exposed to the
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lumen of the esophagus.

However,

in most regions the

mucous cells were capped by flattened superficial epithe
lial cells.

The mucous cells disappeared suddenly and

completely at the transition zone

(Fig.

6).

A few granular

cells were found scattered throughout the epithelium.
Many of the mucous cells occupied almost the entire
thickness of the epithelium.

The compactness of the basal

epithelial cells and the flattening of the superficial ones
were due to the large size of the mucous cells,
to their abundance.

as well as

The characteristic size and shape of

these cells in no way resembled the typical goblet cells of
the epithelium in the transition zone,
rectum.

the intestine or the

A flattened crescent-shaped nucleus was pressed

against the cell boundary at the base of the mucous cell
(Fig.

5).

material.

The nucleus showed a dense staining chromatin
The mucus of these cells stained intensely with

alcian blue and dark purple with aldehyde fuchsin;

it also

gave a PAS positive reaction.
The epithelium rested upon a thin but prominent
basement membrane.

This basement lamina was composed

chiefly of collagenous connective tissue fibers.

Inter

spersed among these fibers were a few markedly flattened
fibroblasts and elastic fibers.

The basement membrane

stained clearly with fast green,

aldehyde fuchsin,

chrome,

and in hematoxylin and eosin preparations;

tri
it

was distinctly PAS positive.
Submucosa.

The basic histological composition of
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the submucosa,

and its staining qualities w ith the tech

niques used were similar to those to be described for the
submucosa of the intestine and the rectum.

However,

in

the esophagus irregularly arranged bundles of skeletal
muscle were scattered throughout the connective tissue
the core and at the base of the mucosal folds

in

(Pig. 1).

The bundles of skeletal muscle increased in number and be
came orientated in a longitudinal direction as the circular
layer of the muscularis was approached.

This was evident

particularly on the lateral aspects of the esophagus.

It

was very difficult to distinguish a definite layer of
longitudinal skeletal muscle

because of the presence of a

considerable amount of connective tissue.

Therefore,

the

bundles of skeletal muscle are included as a component of
the submucosa.

A few granular cells,

such as those to be

described for the mucosa and submucosa of the intestine and
the rectum were found in the subepithelial region of the
submucosa.
Muscularis.

Wit h the longitudinal skeletal muscle

as a component of the submucosa,

the muscularis was com

posed of a single relatively thick layer of circular muscle.
This skeletal muscle

layer was interspersed wit h a small

amount of connective tissue.
were of varying width,
Serosa.

The individual muscle

fibers

but tended to be narrow.

The es.ophagus is covered by an inner thin

layer of areolar connective tissue and an outer layer of
squamous epithelium,

except for the anterior portion.
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Here,

the esophagus is attached to the surrounding tissues

by fibrous connective tissue.

ALKALINE PHOSPHATASE

Wit h the exception of the granular cells, no alka
line phosphatase activity was detected in the esophageal
epithelium in either the starved fish series or the series
of fish fed white bread and those fed crab meat

(Pig. 7).

Intense alkaline phosphatase reaction was present
throughout the submucosa of the esophagus in the 2-and 4day starved fish.

A reduction in this enzymatic activity

occurred in the 6- and 8-day starved fish (Pig. 8 and 9).
In the fish fed white bread,

a weak phosphatase reaction

was present mainly in the subepithelial region of the
submucosa (Pig. 10).

In the fish fed crab meat,

the

subepithelial region of the submucosa showed intense
phosphatase activity in the 3-hour fish,
in the 6-hour fish,

a weak reaction

and less activity in the 9-hour fish

(Pig. 11 and 12).
NEUTRAL LIPIDS

The pattern of lipid distribution and the concentra
tion of lipid substances were clearly defined throughout
the digestive tube in the starved fish series and in the
series of fish fed dogfish liver.

The lipid droplets were

spherical to oval in shape and stained red to reddishorange with Oil Red 0.

The droplets displayed a range of
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size from extremely minute to very large.

A large portion

of the lipid material was present as masses of minute drop 
lets.
lipids,

This condition gave a diffuse appearance to the
even at 1500X magnification.
Lipid distribution and concentration in the esoph

agus were similar in the starved fish series and in the
series of fish fed dogfish liver.
esophagus was devoid of lipids,

The epithelium of the

except for a few lipid

droplets scattered throughout it (Fig. 13).
large,

The numerous

saccular, mucous cells of the epithelium were visible

as nonstained clear areas.

In distinct contrast,

the u n d e r 

lying connective tissue of the submucosa was heavily laden
with lipid substances.

This was particularly true within

the mucosal folds and at the base of the folds.

Lipids were

also present in both heavy and light concentrations in the
connective tissue which surrounds the scattered bundles of
striated muscle fibers in the submucosa.

The lipids of the

submucosa were diffuse in appearance due to the presence of
masses of minute lipid droplets
In the muscularis,

(Table IV and V).

a very light concentration of

lipids was noted in the fine connective tissue between the
muscle fibers.

V/here present,

the serosa showed a light

concentration of lipids in its connective tissue.

PHOSPHOLIPIDS

In considering the distribution of phospholipids
throughout the digestive tube,

only a definitely positive
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reaction was evaluated.

Phospholipids and nucleoproteins

stained dark blue or blue-black.

Pale blue or greyish

colors were of uncertain interpretation.
The esophagus in the starved fish series and in the
series of fish fed dogfish liver showed limited ph os pho 
lipid reaction:

the nuclei of the saccular mucous cells,

the vascular and nervous 'elements,
granular cells.

and the granules of the

What appeared to be positive phospholipid

granules of varying sizes were scattered throughout the
cytoplasm of the epithelial cells in this region (Pig. 14).

TRANSITION ZONE

GENERAL HISTOLOGY

The histology of the transition zone was similar in
the starved fish series and in the series of fish fed either
white bread,

crab meat,

or dogfish liver.

In this short

region between the esophagus and the intestine,

the straight

longitudinal folds of the esophageal muco sa joined wit h the
more irregular mucosal folds of the intestine.

The irregular

pattern of mucosal folds in the transition zone gradually
changed to the zigzag arrangement characteristic of the
anterior intestine

(Pig. 15).

simple columnar epithelium.
ent throughout this layer;

The mucosa was lined with
Typical goblet cells were p r e s 

a few in the anterior portion'of

the transition zone and an increased concentration towards
its junction with the anterior intestine.

The submucosa

included neither a stratum compactum nor a muscularis
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mucosae,

and was similar to that of the esophagus.

The

muscularis consisted of a single circular layer of skeletal
muscle.

A thin serosa was present.

basic epithelial columnar cells,

In addition to the

lymphocytic wandering

cells and granular cells were present in v arying numbers.
Rodlet cells,

such as those to be described for the intes

tine and the rectum were not found in the transition zone.
Mucosa.
drical in shape.

The columnar cells were typically cylin
They were shorter and not tightly packed

together as were the taller absorptive cells of the simple
epithelium in the intestine and the rectum (Pig. 16). ■ The
cell boundaries were more clearly defined than in the in
testinal epithelium.
The free border of the columnar epithelium was not
stained with alcian blue nor w ith PAS reagent.

This char

acteristic was in distinct contrast to the free border of
the intestinal and the rectal epithelium.

However,

a dif

fuse PAS positive reaction occurred in the sub-border
region of the columnar cells and clearly differentiated it
from the supranuclear region

(Pig. 16).

The sub-border

region also stained with aldehyde fuchsin,
alcian blue.

but not with

The cytoplasm of the sub-border region was

more heavily granulated than the supranuclear region.
cytoplasm of both regions was slightly vacuolated.

The

The

differentiation of the sub-border region from the supra
nuclear region in the transition zone was in contrast to
the non-differentiation of these two regions in the intes
tinal and rectal epithelium.

The infranuclear region of
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the columnar cells was clearly visible.

The

lightly granular and slightly vacuolated.
elongated and ovoid in shape.
distinct.

cytoplasm was

The nuclei were

The nuclear boundaries were

One or two nucleoli were observed in the finely

dispersed chromatin material.
The saccular mucous cells of the esophagus were
absent from the transition zone epithelium.

The typical

goblet cells of the intestine and the rectum were present
in the epithelium,

particularly as the junction of the

transition zone with the anterior intestine was ap
proached.

The change from the transition zone epithelium

to that of the anterior intestine is gradual;

the change

from the esophageal epithelium to that of the transition
zone is sudden (Pig.

17 and 6).

PAS positive reaction;

The goblet cells gave a

they also stained intensely with

alcian blue and dark purple with aldehyde fuchsin.

A few

granular cells were found scattered throughout the epith e
lium of the transition zone.
Immediately beneath the epithelium was a distinct
basement membrane similar to that described for the esoph
agus .
Submucosa.

The basic histological composition of

the submucosa and its staining qualities wit h the techniques
used were similar to those of the esophagus.

However,

the

submucosa was thicker in the region between the base of the
mucosal folds and the muscularis.

This thickness was due

to an increase in connective tissue separating the irregu
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larly arranged bundles of longitudinal skeletal muscle that
were scattered throughout the submucosa.

As the junction

of the transition zone with the anterior intestine was ap 
proached,

the longitudinal muscle disappeared.

A few

granular cells such as those to be described for the intes
tine and the rectum were found in the submucosa.

Individual

skeletal muscle fibers were also present in this stratum.
Muscularis.

The muscularis consisted of a circular

layer of skeletal m u s c l e .

This layer was continuous with

the striated muscularis of the esophagus and it was present
throughout the entire length of the transition zone.

At

the junction of the transition zone with the anterior intes
tine,

the circular layer increased in thickness.

This was

due to an increase in the width of the individual muscle
fibers,

as well as to an increase in the number of fibers.

The striated muscle fibers continued a short distance into
the anterior intestine.
Serosa.
zone.

A serosa was present in

It consisted of a very thin layer

tive tissue and an outer mesothelium.

the transition
of areolar connec

The simple squamous

cells of the mesothelium were thin and flattened.

ALKALINE PHOSPHATASE

With the
line phosphatase

exception of the granular cells, no al k a 
activity was present in

the epithelium of

the transition zone in either the starved fish series or
the series of fish fed white bread and those fed crab meat
(Pig. 18).
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Intense alkaline phosphatase activity was detected
mainly in the subepithelial region of the submucosa in both
the starved fish series and the series of fish fed white
bread and those fed crab meat

(Fig. 18).

NEUTRAL LIPIDS

Lipid distribution and concentration in the transi
tion zone were similar in the starved fish series and in the
series of fish fed dogfish liver.

The transition zone in

the starved fish series displayed a pattern of lipid distri
bution and concentration similar to that of the esophagus.
A difference was noted in the tips of some of the mucosal
folds in the 2-day starved fish (Fig.

19).

In these folds,

moderate to heavy concentrations of lipid droplets of v a r y 
ing sizes were located at the base of the epithelial layer
(Table IY and Y ) .

PHOSPHOLIPIDS
The distribution of phospholipid staining components
in the transition zone in the starved fish series and in
the series of fish fed dogfish liver was similar to that of
the esophagus.

In the transition zone,

the phospholipid

granules were mainly concentrated in the supranuclear re
gion of the columnar cells

(Fig.

20).

INTESTINE AND RECTUM

GENERAL HISTOLOGY
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The intestine from the transition zone to the anus
exhibited basic histological similarities and topographi
cally distinctive regions.

Of the fish exhamined,

the 2-

day starved fish were more consistent in this respect from
fish to fish.

C on seq u e n t l y , these fish were used as the

basis for the description of the histological composition
of the intestine and the rectum,

as well as that of the

esophagus and the transition zone.
Starved F i s h .
2-Day Starved F i s h .

The mucous membrane or mucosa

was thrown into clearly visible convolutional folds.

The

anterior intestine displayed a complex array of these m u 
cosal folds

(Fig.

21).

This pattern was less complex in

the middle and posterior intestine as was shown by the
increase in luminal space between the folds
23).

(Fig.

22 and

The mucosal folds of the posterior intestine and the

rectum were broader than those of the two preceding intes
tinal sections

(Fig.

24).

The luminal surface of the

epithelium commonly showed depressions lined by epithelial
cells

(See Fig.

25) which gave a notched or indented ap- _

pearance to the surface of the mucosal folds.

These

depressions were more prevalent in the anterior and the
middle intestine than in the posterior intestine and the
rectum.

They were not present in the epithelium of the

esophagus nor in the transition zone.

The mucous membrane

was lined with simple columnar epithelium.
types were present in this epithelial layer:
tive or columnar cell and the goblet cell.

Two basic cell
the absorp
The epithelium
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rested upon a connective tissue layer wh ic h formed a thin
core within the mucosal folds.

This single layer of con

nective tissue represented the lamina propria and the
submucosa of the intestine of the higher vertebrates.
Neither a stratum compactum nor a muscularis mucosae was
present.

The connective tissue layer was surrounded by an

inner circular and an outer longitudinal layer of smooth
muscle which constituted the muscularis.
was enveloped by a thin serosa.
epithelial cell types,

The muscularis

In addition to the basic

lymphocytic w andering cells,

rodlet

cells and granular cells were present in v arying numbers
and in a patterned distribution.
A.

Mucosa.

1.
irregularly shaped,

Absorptive C e l l s .

The absorptive cells were

cylindrical forms,

wide at the luminal

surface and tapering toward their base.

The shape was p a r

ticularly evident at the tips of the folds where the cells
were not closely packed together (Fig.

26).

The sides and

base of the folds were lined w ith closely packed columnar
cells.

Cell boundaries were distinctly visible at the tips

and upper sides of the folds.
The free border of the absorptive cells exhibited
three distinct layers:
middle layer,
intestine,

a thin superficial layer,

and a narrow basal layer.

a wide

In the anterior

the free border was clearly delimited,

but it

became thickened and its boundary with the sub-border re
gion less distinct as the anal region was approached
27 and 28).

(Fig.

This border displayed a differential staining
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pattern with the staining techniques employed.
ficial layer stained intensely,

The super

the middle layer lightly

and it appeared striated,

while the basal layer was dense

in its staining quality.

The free border was clearly

demonstrated by staining with either hematoxylin and
eosin or with fast green and safranin.

The most spectacu

lar demonstration of the free border was obtained with
aldehyde fuchsin,

particularly the superficial layer which

stained a deep purple.

A PAS positive reaction intensely

stained all three layers of the free border,
the superficial layer,
layer.

while MPH strongly stained the basal

In many of the mucosal folds, M PH also intensely

stained the superficial layer.
clearly with alcian blue,
fixation

(Pig.

29).

This layer also stained

especially following Helly's

Gomori's trichrome differentially

stained the free border green,
layer.

especially

particularly the basal

With the buffered azure-eosinate technique,

the

free border was unstained from pH 3.5 to 5.5, while at pH
6 and 6.6,

it was clearly light blue.

Some of the m u 

cosal folds showed the superficial layer detached and torn
from the middle layer of the free border (Pig.

30).

The sub-border and supranuclear regions of the a b 
sorptive cells were not separately discernible.

The cyto 

plasm in this area appeared lightly granular and slightly
vacuolated;

it stained lightly in aldehyde fuchsin and in

hematoxylin and safranin preparations.
stained this area green.

Trichrome decidedly

A very light but distinct PAS

positive reaction was present in the cytoplasm of this area
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as well as in the infranuclear region.

A band of granular

PAS positive material divided the sub-border and supra
nuclear regions, mainly in the posterior intestine and the
rectum (Pig.

31).

Buffered azure-eosinate stained this area

light pink from pH 3.5 to 5.5;

it was distinctly blue at

pH 6 and 6.6.
The infranuclear region of the absorptive cells was
indistinguishable at the base,
sides and tips of the folds.

but was discernible at the
This was due to the basal

position of the absorptive cell nucleus with the concomitant
reduction in the width of this region.

The compactness of

the absorptive cells coupled with the presence and the
distribution of non-absorptive cells,
fect to this region

(Pig.

32).

added a masking ef

The cytoplasm of the

infranuclear region was slightly vacuolated and less
granular than the sub-border and supranuclear regions,

but

showed similar staining reactions.
The nuclei of the absorptive cells were elongated
and ovoid in shape.

Many of the nuclei were tapered to

ward the basal end of the cells.
was distinct.

The nuclear boundary

The finely dispersed chromatin granules

exhibited one or two definite clumps that were rep res en ta
tive of the nucleoli.

The nuclei were in a basal position

at the bottom and along the sides of the folds,
centrally located at the tips of the folds.

but were

The basal

orientation of the nuclei resulted in a reduction in size
of the infranuclear region.
in the rectum of some fish,

In the posterior intestine and
numerous large vacuoles which
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represent the remains of digestive activity,

displaced

many of the nuclei

toward the base of the

thereby completely

oblitering the infranuclear region (Pig.

33).

absorptive cells

These vacuoles were densely packed into the sub

border and supranuclear regions.

Their outline was distinct

and many of the cavities contained granular clusters.
These vacuoles were few at the base of the folds,

but

gradually increased in concentration along the sides and
at the tips of the folds.
Large spherical and oval cells showing various
stages of mitotic activity were present in the epithelial
tissue,

particularly at the base of the folds

Cell boundaries were distinct.
geneous and appeared clear in
chromatin material

34).

The cytoplasm was h o m o 
some of the

was coarse and stained

2.

(Pig.

Goblet C e l l s .

cells.

The

intensely.

The mucous cells of the intes

tine and the rectum were the typical goblet type.

A few

goblet cells were present in the base and at the tips of
the mucosal folds,

whereas the major concentration of

these cells was found lining the sides of the folds
35).

(Pig.

The goblet cells were sandwiched between the absorp

tive cells.

The extrusion of mucus was visible at the

apices of many cells and in the luminal space between the
mucosal folds.

Fully developed cells were found at all

levels of the folds.

Immature goblet cells were spherical

in shape and appeared to be restricted to the basal and
lower region of the folds.

The goblet cell contents

29
stained intensely with alcian blue and aldehyde fuchsin;
they were also PAS positive.

There was a small increase

in the concentration of goblet cells in the middle and
posterior intestine.

The posterior rectum contained a

heavier concentration of them.
3.

Rodlet C e l l s .

The rodlet cell in the epithe 

lium of the intestine and the rectum was elongate and oval
in shape with a prominent and well-defined cell boundary
delimiting a finely granular cytoplasm (Pig.

36).

cells were located between the absorptive cells,

These
but within

the free border adjacent to the sub-border and supranuclear
regions.

Many of them when sectioned longitudinally con

tained distinct rod-shaped structures radiating towards the
tips of the cells.

These rodlets were clearly shown in

fish fixed in Bouin's or in 10$ neutral buffered formalin.
They stained green with trichrome,
green in fast green and safranin,

bright red with PAS,
a brilliant purple with

aldehyde fuchsin and light red with hematoxylin and eosin.
They did not stain with alcian blue.

Other rodlet cells

whe n sectioned longitudinally showed clearly the rodlets
within oval chambers

(Pig.

37 and 45).

peared to occupy the entire cytosome.

These chambers ap
Cross sections

through the cytosome of the rodlet cells showed a pe r i 
meter of chambers within the cell boundary and surrounding
a central core

(Pig.

36*).

These features were clearly

seen in fish fixed in 10$ neutral buffered formalin and
stained with trichrome or aldehyde fuchsin;

they were also

prominent after Helly's fixation followed by PAS reagent.

Alkaline phosphatase activity was not detected in the rod
let cells.

Some of them gave a markedly positive reaction

to Baker's acid hematin test for phospholipids

(Pig.

39).

The rodlet cells exhibited a funnel-like expansion
of their apices.

This part of the cell extended through

the free border to the surface of the mucosal fold where
it appeared to open by means of a stoma.
The large oval to spherical nucleus which occupied
about one quarter of the cytosome appeared to be crescent
shaped and was located at the base of the cell.

The nucleus

contained coarse aggregations of chromatin granules,

some

of which were dispersed throughout the nucleoplasm while
others were orientated along the inner perimeter of the
nuclear boundary.
In the anterior intestine of some fish,

a few rod 

let cells were present in the base and at the tips of the
mucosal folds while several cells were scattered along the
sides of the folds.
the middle intestine,
folds.

These cells became more abundant in
particularly at the tips of the.

In some fish heavy concentrations of rodlet cells

were present in the posterior intestine,
tips of some of the folds.

Here,

almost a solid row (Pig. 40).

especially at the

the rodlet cells formed

Other fish showed only a few

rodlet cells in each of the three intestinal regions.
These cells were mostly located along the sides of the
folds.

In the posterior intestine of those fish with

numerous large vacuoles,

some of the rodlet cells were
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displaced ventrally from their usual orientation to the
absorptive cells.

The rectum showed only a small number

of rodlet cells.
4.

Granular C e l l s .

Granular cells were found in

the epithelium and submucosa of the intestine and the r e c 
tum.

They were also present in both of these layers in

the esophagus and the transition zone.

These cells were

irregular in shape and contained numerous minute and coarse
cytoplasmic granules

(Fig.

always well defined.

41).

Cell boundaries were not

The nucleus was oval to angular in

shape and eccentrically located.

The most spectacular

demonstration of the granular cells was found in fish
fixed with 10$ neutral buffered formalin and stained with
trichrome.

Here,

the granules stained a dark red against

a light green background.

Bouin's fixation coupled with

trichrome and MPH following Helly's fixation,

readily

demonstrated the granular cells of the submucosa,

but

those of the epithelium could be distinguished only with
difficulty.

In the epithelium,

these cells were masked

by the presence of non-absorptive cells and the nuclei of
the absorptive cells.

The granules in these cells stained

green with fast green,

pink wit h hematoxylin and eosin,

red in PAS,

and a light purple with aldehyde fuchsin.

Strong alkaline phosphatase activity was detected in the
granular cells,

and they gave markedly intense B a k e r ’s

acid hematin test for phospholipids.
Buffered azure-eosinate was used at varying pH's
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to stain the granules.

From pH 3.5 to 5.5,

the granules

of the epithelial and submucosal granular cells stained
light pink.

At pH 6 and 6.6,

the granules of the gran

ular cells in both regions were unstained.

This condition

was observed throughout the digestive tube.

In some

fish

a moderate concentration of granular cells was present in
the anterior and posterior intestine while very few were
present in the middle intestine.

Other fish showed only a

few granular cells in each of the three intestinal regions.
The heaviest concentration of granular cells appeared in
the rectum.
5.

Wandering C e l l s .

lymphocytic wandering cells

were present in the epithelium and submucosal tissues.
These cells had a typically large nucleus surrounded by a
thin band of cytoplasm.

The cytoplasm was basophilic and

gave a slight PAS positive reaction.
The epithelium of the intestine and the rectum
rested upon a thin but distinct basement membrane similar
to that described for the esophagus
B.
the rectum,
sition zone,

Su b m u c o s a .

(Fig.

42).

The submucosa of the intestine and

as well as that of the esophagus and the tran
was a highly vascular layer composed of

areolar connective tissue.

Connective

as fibroblasts and others not

tissue cells,

such

specifically identified were

located in a stroma of collagenous and elastic fibers.
The collagenous fibers stained green with fast green and
with trichrome,

and light pink in hematoxylin and eosin
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preparations.

They were distinctly PAS positive.

The

elastic fibers stained purple with aldehyde fuchsin.
addition,

In

certain other cells such as lymphocytic wandering

cells and granular cells were present in the submucosa
throughout the digestive tube.

Aggregations of adipose

tissue were also dispersed throughout this stratum.
C.

Muscularis.

A muscularis was present through

out the intestine and the rectum.

It was composed of an

inner circular and an outer longitudinal layer,
smooth muscle.

both of

The inner layer was about twice the width

of the outer layer.

The smooth muscle fibers were long

and relatively thick w ith prominent long slender nuclei
tapering at their ends.

The chromatin granules were scat

tered throughout the center of the nucleus.

The smooth

muscle fibers were supported in a stroma of fine collagenous
and elastic connective tissue fibers.

The myenteric plexus

of Auerbach was present between the two muscle layers
throughout most of the intestine.

The presence of the

ileocecal valve was indicated by some thickening of the
inner circular layer,

but the bulk of the valve core con

sisted of connective tissue.
D.

Serosa.

The intestine and the rectum were

enclosed by a serosa similar to that described for the
transition zone.
4-Pay Starved P i s h .

Generally,

the histological

composition of the intestine and the rectum in the follow
ing fish was similar to the same regions in the fish
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starved for 2 days.

A few differences were noted.

The anterior region of the first intestinal section
continued to show a large and well-defined lumen,

whereas

in the posterior region of the section and in the middle
and posterior intestine,

the lumen was very narrow and

sometimes only slightly visible.

Here,

site mucosal folds abutted each other.

some of the oppo
The superficial

layer of the free border stained clearly with alcian blue,
especially following Helly's fixation.
The rodlet cells and the granular cells showed
individual variations in concentration and distribution
throughout the intestine
fish series.

and the rectum in the starved

The large food vacuoles in the posterior

intestine of some of the 2-day starved fish v/ere no longer
visible.
6-Hay Starved F i s h .

Large food vacuoles v/ere not

observed in the posterior intestine or the rectum in either
the 6-day or 8-day starved fish.

The cytoplasm in the sub

border and supranuclear regions of the absorptive cells was
highly vacuolated.
8 -Day Starved F i s h .

There was a heavier concen

tration of goblet cells in the anterior intestine than had
been present in the 2-, 4-,

or 6-day starved fish.

The

middle and posterior intestine showed no change in goblet
cell concentration.
Fed F i s h :
5.

Carbohydrate S e r i e s .
Hours after F e e d i n g .

The wall of the intestine

and the rectum was highly distended due to the large quan-
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tities of foodstuffs in the lumen (Fig.

43).

There was

increased space between the mucosal folds and the folds
appeared compressed and shortened.
found in the anterior,
the rectum.

This condition was

middle and posterior intestine and

The posterior intestine showed extreme d i s 

tention with some of the mucosal folds flattened by the
lumen contents and the stretching of the gut wall.

The

submucosa and muscularis were m uch thinner as a result of
the distention of the intestine wall.
The sub-border and supranuclear regions of the ab
sorptive cells were thicker and more highly vacuolated than
comparable regions in the 2-day starved fish.

The vacuoles

were not stained by any of the techniques used,
fore a very light staining pattern was observed.
vacuoles were very small but variable in size.

and there
The
This con

dition was present

throughout the three portions of the

intestine,

particularly evident in the anterior

but was

and

middle intestine at the tips and upper sides of the mucosal
folds

(Fig. 44).

Fish fixed with Helly's solution gave the

best differentiation of these vacuoles with the staining
techniques used.

The distribution of the goblet cells in

the intestine appeared to be the same as in the starved
fish series.

Man y of the goblet cells of the rectum were

compressed into an

irregular band shape due to the numerous

large food vacuoles.

The superficial layer of the free

border stained lighter with alcian blue than in the starved
fish series.
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The rodlet cells and the granular cells displayed
individual variations in concentration and distribution
throughout the intestine and the rectum in the carbohydrate
and protein fed series.

A granular band of PAS positive

material divided the sub-border and supranuclear regions of
the absorptive cells.

This band appeared to be present

ma inly in the posterior intestine and the rectum (Pig.

45).

This band was also present in the starved fish series.
Most of the lumen contents gave a PAS negative reaction.
Us in g saliva digested controls with PAS,

no glycogen was

detected.
In the distal portion of the posterior intestine
and in the anterior portion of the rectum,

the sub-border

and supranuclear regions became thickened and filled with
numerous large food vacuoles.

This condition was p a r ti cu

larly evident in the tips and sides of the mucosal folds
(Pig.

46).

Pish fixed in Helly's solution gave the best

vi e w of these vacuoles with the staining techniques used,
especially wit h MPH.

The vacuoles contained clusters of

granules of varyi ng sizes wh i c h almost completely filled
them.

These granules gave a light PAS positive reaction,

and stained mostly with acid dyes.

The large granules

appeared more intense in their staining reaction with acid
dyes while some of the small granules were lightly b a s o 
philic .
Other histological features of the intestine and
the rectum in these fish,

and in the remaining carbohydrate
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and protein fed fish were similar to the same regions in
the 2-day starved fish.
6

Hours after F e e d i n g .

There was a noticeable de

crease in the concentration of foodstuffs in the lumen of
the intestine and the rectum.

However,

the distention of

the gut wall and the compression and shortening of the
mucosal folds were still very muc h in evidence.

Some of

the fish showed extreme distention of the intestine with
flattened mucosal folds.
The sub-border and supranculear regions of the ab 
sorptive cells continued to show the increased thickening
and the high degree of vacuolization characteristic of the
3-hour carbohydrate fed fish.

The

superficial layer of

the free border stained ver y deeply with alcian blue in
both the 6- and 9-hour fed fish.

A dense layer of stain

ing material was also present upon the luminal surface of
the superficial layer.

This layer gave a PAS positive

reaction and was particularly evident in fish fixed with
Bouin's fluid.

A granular band of PA S positive material

dividing the sub-border and supranuclear regions did not
appear to be present in these fish.
The large food vacuoles in the distal portion of
the posterior intestine and the anterior portion of the
rectum were either empty or contained small clusters of
granules usually centrally located within the vacuoles
(Fig. 47).

In some fish,

the vacuolar contents appeared

more homogeneous than granular in texture.
9 Hours after Feeding.

A definite decrease in
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the concentration of foodstuffs in the intestine and the
rectum was evident.

There was also less distention of the

gut wall and the mucosal fold pattern of the intestine and
the rectum approached that of the 2-day starved fish.
ever,

How

some of the fish still retained the distended pattern

of the gut wall and the flattened mucosal folds in their
intestine.
The sub-border and supranculear regions of the ab
sorptive cells continued to show a strongly vacuolated
appearance,

although in some fish there appeared to be a

vacuolization pattern approaching that of the 2-day starved
fish (Pig.

48).

A granular band of PAS positive material

dividing the sub-border and supranuclear regions appeared
to be present in these fish.

Also,

in the posterior intes

tine and the rectum of some fish large PAS positive granules
were scattered throughout the epithelium of the mucosal
folds

(Pig. 49).
In some fish, many of the large food vacuoles in

the posterior intestine and the rectum had decreased in
size and were very small as compared to those present in
the 3-hour and 6-hour carbohydrate fed fish (Pig.

50).

Some of these vacuoles were empty while others contained
visible contents of a homogeneous texture.

Some of the

mucosal folds did not contain any food vacuoles,

and these

folds appeared to resemble the folds of the 2-day starved
fish.
In other fish,

the large food vacuoles were absent

in the distal portion of the posterior intestine,

but they
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were present in the anterior portion of the rectum.

Most

of these vacuoles were empty.
Still,

other fish showed large food vacuoles in

the distal portion of the posterior intestine,

some of

which were empty, while others had contents partially
filling them.

Most of the contents of these vacuoles ap

peared homogeneous in texture.

The anterior portion of

the rectum showed small food vacuoles,
empty,

some of which were

while others contained homogeneous or granular con

tents.
Fed F i s h :
3

Protein S e r i e s .
Hours after F e e d i n g .

The lumen of the intestine

and the rectum was filled with particles of crab meat.
these two regions,

In

the gut wall was distended and the m u 

cosal folds appeared compressed and shortened

(Fig.

51).

These conditions were similar to those in the 3-hour car
bohydrate fed fish.

The submucosa and muscularis were much

thinner due to the distention of the gut wall.
The sub-border and supranuclear regions of the ab
sorptive cells showed a v ery slight increase in vacuolization
in the anterior and the middle intestine

(Fig.

52).

increase in thickness of these regions was observed.

No
In

some fish there appeared to be an increase in vacuolization
at the tips and the upper sides of the mucosal folds in
the posterior intestine and the rectum.

Other fish did not

show this condition.
The superficial layer of the free border stained
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clearly wit h alcian blue throughout the protein fed series.
A granular band of PAS positive material dividing the sub
border and supranuclear regions of the absorptive cells was
observed in some of these fish,

and it appeared to be p r e 

sent in the posterior intestine and the rectum in both the
6- and 9-hour fed fish.
In some fish,

the distal portion of the posterior

intestine and the anterior portion of the rectum showed
some small food vacuoles with granular contents.

The p re 

sence of these vacuoles resulted in a small increase in
the thickness of the sub-border and supranuclear regions
(Pig.

53).

Other fish showed what appeared to be a few

small food vacuoles at the tips of some of the mucosal
folds.

The absence of large food vacuoles with granular

contents in these two regions was in sharp contrast to the
presence of these vacuoles in the same regions in the 3hour carbohydrate fed fish.
6

Hours after F e e d i n g .

There did not appear to be

any noticeable decrease in the concentration of skeletal
muscle in the lumen of the intestine and the rectum.

The

distention of the gut wall and the compression and shorten
ing of the mucosal folds were still evident.
In some fish,

the sub-border and supranuclear

regions of the absorptive cells showed increased v a cuo li za
tion and a greater thickening at the tips of some of the
mucosal folds

(Pig.

54).

The vacuoles and the light stain

ing pattern of these regions were similar to that of the
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same regions in the 3-hour carbohydrate fed fish.

Other

fish exhibited only a very slight increase in v a cu oli za
tion at the tips of a few of the mucosal folds.

No

noticeable thickening of the sab-border and supranuclear
regions was observed in these fish.
Some fish did not have food vacuoles in the distal
portion of the posterior intestine.

However,

there appeared

to be some small vacuoles with granular contents in a few
of the mucosal folds in the anterior portion of the rectum.
Other fish showed small vacuoles w ith granular contents in
the distal portion of the posterior intestine and the ante
rior portion of the rectum (Pig.

55).

The presence of

these vacuoles resulted in a small increase in the thick
ness of the sub-border and supranuclear regions.

The

granular contents of many of the vacuoles stained green
wit h trichrome,

but some of them stained red with this

stain.
_9 Hours after F e e d i n g .

Some fish did not show any

noticeable decrease in the concentration of skeletal m u s 
cle in the lumen of the intestine and the rectum.

Other

fish displayed a reduction in the amount of this foodstuff.
The distention of the gut wall and the compression and
shortening of the mucosal folds were still evident in some
fish.

Other fish showed a reduction in these characteris

tics .
In some fish,

the sub-border and supranuclear

regions of the absorptive cells showed increased vacuoliza-
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tion and a greater thickening at the tips of most of the
mucosal folds.

Again,

the vacuoles and the light staining

pattern of these regions were similar to the same regions
in the 5-hour carbohydrate fed fish and some of the 6-hour
protein fed fish.

Other fish exhibited only a very slight

increase in vacuolization at the tips of a few of the m u 
cosal folds.

No noticeable thickening of the sub-border

and supranuclear regions was observed.
Pood vacuoles were not observed in the distal
portion of the posterior intestine of some fish.

Other

fish had many large vacuoles with granular contents in the
anterior portion of the rectum (Pig.

56).

The granular con

tents filled the greater portion of the vacuoles and
stained green with trichrome.

The presence of these v a c u 

oles resulted in an increase in the thickness of the sub
border and supranuclear regions.
similar to the
fish.

These conditions were

same regions in the 5-hour carbohydrate fed

Still other fish did not show food vacuoles in the

anterior portion of the rectum.

ALKALINE PHOSPHATASE
The intensity of alkaline phosphatase activity was
indicated by the amount of black sulfide present in the
free border and in the submucosa of the intestine and the
rectum following the Gomori technique.
Data on the distribution and the intensity of
phosphatase activity in these regions in the starved fish
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series
ries

(Pig.

(Pig.

57,

60,

fed series

58, and 59),

61,

(Pig.

62,

63,

in the carbohydrate fed se

64,

and 65),

66) were prepared

and in the protein

(Table I, II and III).

Granular cells with markedly positive phosphatase
activity were present in the epithelium of the intestine
and the rectum in both the starved and fed series of fish.
Fewer granular cells were noted as one followed the intes
tine posteriorly to the anal region.
digestive tube in these fish,

Throughout the

the goblet cells and the

rodlet cells gave a negative alkaline phosphatase reaction.

NEUTRAL LIPIDS

In both the starved and fed fish series,

the free

border of the absorptive cells was devoid of lipids while
the lipid droplets occupied the sub-border,
clear and infranuclear regions.

the supranu

Lipid droplets were

evident throughout the lumen of the digestive tube,
ticularly in the intestine and the rectum.
especially prominent in the fed fish series.

pa r 

They were
Many of them

were in contact with the luminal surface of the free border.
Throughout the digestive tube in these fish,

the goblet

cells were visible as unstained clear areas.
Data on the distribution and the concentration of
lipids in the epithelium and in the submucosa of the diges
tive tube in both the starved and fed fish series were
prepared

(Table IY and V ) .

Starved Pish.

TABLE I

Phosphatase activity in the free border and the submucosa of the intestine and
the rectum as indicated by the amount of black sulfide present in these regions follow
ing the Gomori technique.
STARVED PISH
Anterior
Intestine

Phosphatase
Free Border
Experimental
2-day
4-day
6-day
8 -day
Control
Submucosa
Experimental
2-day
4-day
6-day
8-day
Control

- No sulfide;

++

Middle
Intestine
Anterior Posterior

Posterior
Intestine

+

Rectum

+
+

++

4- 44- 4-

+
+

++
++

44-

+

+
+

+

+

+

4- 44- 44- 44- 4-

44-

+

+

+

++
++
++

+
+
+

4-

+

++

+ some sulfide;

++ much sulfide.

+

TABLE II

Phosphatase activity in the free border and the submucosa of the intestine and
the rectum as indicated by the amount of black sulfide present in these regions follow
ing the Gomori technique.
CARBOHYDRATE FED FISH
Anterior
Intestine

Middle
Intestine

Posterior
Intestine

Rectum
Anterior Posterior

Phosphatase
Free Border
Experimental
3-hour
6-hour
9-hour
Control
Submucosa
Experimental
3-hour
6-hour
9-hour
Control

- No sulfide;

++

++

++

+

++
++

+

+

+

++

++

++

++
++

++
++
++

++

++

++
++

++
++

++

+ some sulfide;

++ much sulfide.

+

TABLE III

Phosphatase activity in the free border and the submucosa of the intestine and
the rectum as indicated by the amount of black sulfide present in these regions follow
ing the Gomori technique.

PROTEIN FED PISH
Anterior
Intestine

Middle
Intestine

Posterior
Intestine

Rectum
Anterior Posterior

Phosphatase
Free border
Experimental
3-hour
6-hour
9-hour
Control
Submucosa
Experimental
3-hour
6-hour
9-hour
Control

- No sulfides;

++
++

++

++

++

++

++
++
++

++
++

+ some sulfides;

H—H

++ much sulfide.

++
++
++

++
++
++

+
+
+

++

++

++
++

++

++
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2-Day Starved F i s h .
A.

Anterior I n t e s t i n e .

The anterior intestine of

the 2-day starved fish contained a heavy concentration of
lipid droplets of varying sizes in the epithelium at the
tips of the mucosal folds and at the sides of most of the
folds

(Fig.

67).

The infranuclear regions of the absorp 

tive cells became more clearly visible towards the base of
the mucosal folds,
of lipid droplets.

due to a reduction in the concentration
However,

even at the base of the m u 

cosal folds the absorptive cells contained lipids in the
sub-border region,

and particularly in the supranuclear

region of these cells.
In the tips of the mucosal folds,

the submucosa of

the anterior intestine contained a heavy concentration of
lipids.

Most of the larger lipid droplets were present

in the upper part of the folds.

Fewer droplets were

found at the base of the mucosal folds.

The lipids of

the submucosa between the base of the mucosal folds and
the rnuscularis were diffuse in appearance.

The mus-

cularis and serosa were devoid of lipids in both the
anterior and middle intestine,

except for a few lipid

droplets scattered throughout them.

A clear line of de

marcation existed between the lipids of the submucosa and
the inner circular layer of the rnuscularis in the anterior
intestine.
B.

Middle I n t e s t i n e .

The middle intestine of the

2-day starved fish showed a lighter concentration of lipids
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in the epithelium at the tips of the mucosal folds,
pared with the anterior intestine

(Pig.

68).

as com

The epithelium

at the base of some of the mucosal folds contained a light
concentration of small lipid droplets.

However,

most of

the folds were devoid of lipids in this region or they had
a few large lipid droplets scattered throughout them.

Most

of the epithelium at the sides of the mucosal folds had a
light concentrations of lipids to none at all.

The epithe 

lium at the sides of some of the mucosal folds and the
upper sides of others,

displayed a heavy concentration of

lipids.
The lipids in the submucosa of the middle in tes 
tine between the base of the mucosal folds and the rnuscularis
gave a diffuse appearance.

The submucosa at the tips of

the mucosal folds presented a heavy concentration of lipid
droplets of vary ing sizes.

A lighter concentration of

smaller lipid droplets was found in the middle and at the
base of the mucosal folds.
C.

Posterior I n t e s t i n e .

The epithelium of the

mucosal folds of the posterior intestine in the 2-day
starved fish was almost devoid of lipids.

A light conce n

tration of lipid droplets was found scattered throughout
the tips of most of the mucosal folds

(Pig.

69).

A few

droplets of varying sizes were present elsewhere through
out this layer.
In the posterior intestine,

the submucosa in the

tips of many of the mucosal folds contained a heavier con
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centration of slightly larger lipid droplets than was
present in the middle and at the base of the folds.

The

submucosa between the base of the mucosal folds and the
rnuscularis was similar to that of the middle intestine.
The rnuscularis and the serosa had a very light con
centration of lipids.
D.

Rectum.

The rectum of the 2-day starved fish

showed a pattern of lipid distribution similar to that of
the posterior intestine.

However,

only a few lipid d r o p 

lets were scattered in the epithelium at the tips of the
mucosal folds

(Pig.

70).

In the rectum,

the submucosa

at the tips of the folds and between the base of the folds
and the rnuscularis contained a heavier concentration of
lipids than was present in the posterior intestine.
In the rnuscularis,

the outer longitudinal layer

had a heavy concentration of lipids.

These lipids formed

a ragged line of demarcation between the outer and the
inner layers of the rnuscularis.
4 -Day Starved P i s h .

Lipid distribution and con

centration in the intestine and the rectum of the 4-day
starved fish was similar to that of the 2-day starved fish.
However, many of the mucosal folds of the rectum had a
moderate concentration of lipids at the tips of the folds
in both the epithelium and the submucosa.
6-Day Starved F i s h .
A.

Anterior I n t e s t i n e .

The anterior intestine of

the 6-day starved fish showed a distinct decrease in the
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concentration of lipids.

Only a few lipid droplets were

observed scattered throughout the epithelium of the m u 
cosal folds

(Fig. 71).

At the tips of a few of the folds,

a light concentration of lipids was present,

mostly in the

sub-border and the supranuclear region of the absorptive
cells.

Otherwise,

the absorptive cells were devoid of

lipids.
The submucosa of the anterior intestine showed a
decrease in lipids in many of the mucosal folds from the
tips to the middle of the folds;

then an increase in lipid

content towards the base of the mucosal folds.

The lipids

of the submucosa between the base of the mucosal folds and
the rnuscularis displayed a heavy diffuse appearance.
A difference in the concentration of lipids was
also noted in the rnuscularis.

The inner circular layer

contained a lighter concentration of lipid droplets while
the outer longitudinal layer had a heavier concentration of
lipids.

A few lipid droplets were observed scattered

throughout the serosa.
B.

Middle I n t e s t i n e ♦

The middle intestine of the

6-day starved fish also showed a sharp decrease in the con
centration of lipids.

The epithelium of most of the

mucosal folds was clear of lipids

(Fig. 72).

The submucosa

contained a light concentration of lipids at the tips and
in the middle of most of the mucosal folds.

A heavier

concentration of lipids was noted at the base of the folds.
The rnuscularis and the serosa of the middle intes
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tine were similar to those of the 2-day starved fish.
C.

Posterior Intestine and R e c t u m .

With the ex

ception of what appeared to be a lighter concentration of
lipids throughout the submucosa of the posterior intestine
and rectum of the 6-day starved fish,

these two portions of

the digestive tube were similar to those of the 2-day
starved fish.
8 -Day Starved F i s h .
A.

Anterior Intestine and Middle I n t e s t i n e .

The

epithelium of the anterior intestine and the middle intes
tine in the S-day starved fish v/as devoid of lipids
73).

(Fig.

Throughout the submucosa of these regions a very

light concentration of lipids was observed.
The rnuscularis in both intestinal sections exhib
ited a similar distribution of lipids as was noted for the
6-day starved fish.

However,

a very light concentration of

lipids was present.
B.

Posterior Intestine and R e c t u m .

The posterior

intestine and the rectum of the 8-day starved fish showed
a lipid distribution and concentration similar to that of
the 6-day starved fish.
Fed F i s h ;

lipid S e r i e s .

The distribution and the con

centration of lipids in the anterior intestine of the
lipid fed fish series was similar to that of the 2-day
starved fish.
2 Hours after F e e d i n g .
A.

Middle In t e s t i n e .

The middle intestine of the

TABLE IV

Neutral lipid concentration in the epithelium and submucosa of the digestive
tube as indicated by the presence of lipid droplets in these regions following Oil Red
0 technique.
STARVED PISH
Esophagus

Neutral Lipids
Epithelium
2-day
4-day
6-day
8-day
'
Submucosa
2-day
4-day
6-day
8-day

Transition Anterior
Zone
Intestine

Middle
Intestine

Posterior
Intestine

-

+
+
+
+

+++
+++
+

++
++
+

+
+
+
+

+++
+++
+++
+++

+++
+++
+++
+++

+++
+++
++
+

++

+
+
+
+

- No lipids;
+ light concentration of lipids;
+++ heavy concentration of lipids.

++

+
+

Rectum

+
++

+
+
++
++
+
+

++ moderate concentration of lipids;

53
3-hour lipid fed fish contained a heavier concentration of
lipids at the tips and the upper sides of the mucosal folds
than was present in the anterior intestine
lipid droplets were of varying sizes.

(Fig. 74).

The

A decrease in lipid

concentration was noted along the sides and at the base of
the folds,

particularly in the intranuclear region.

The

submucosa showed a light concentration of small lipid drop
lets scattered throughout it.
B.

Po sterior I n t e s t i n e .

tine of the 3-hour lipid fed fish,

In the posterior intes

the epithelium at the

tips and the sides of the mucosal folds contained a heavy
concentration of lipid droplets of varying sizes

(Fig. 75).

A decrease in lipid concentration occurred from the tips
to the base of the mucosal folds.

A light concentration of

lipids was present throughout the submucosa.
G.

Rectum.

The rectum of the 3-hour lipid fed

fish was similar in lipid distribution to that of the 2day starved fish.

In the rectum,

the submucosa between the

base of the mucosal folds and the rnuscularis had a lighter
concentration of lipids as compared with the 2-day starved
fish.
The rnuscularis and the serosa showed a very light
concentration of lipids in the middle and posterior intes
tine and in the rectum.
_6 Hours after F e e d i n g .
A.

Middle I n t e s t i n e .

A heavier concentration of

lipids was present throughout the epithelium of the middle
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intestine in the 6-hour lipid fed fish as compared with
the 3-hour fish.

Many large lipid droplets of varying

sizes were present

(Fig. 76).

The submucosa had a light

concentration of lipids in the tips of the mucosal folds.
However,

the submucosa between the base of the folds and

the rnuscularis contained a heavier concentration of large
lipid droplets as compared with the 3-hour fish.
Posterior Intest ine .

The posterior intestine

of the 6-hour lipid fed fish showed a definite increase in
the concentration of lipids in the epithelium at the tips
and the upper sides of the mucosal folds as compared with
the 3-hour fish (Fig. 77).

The submucosa,

the rnuscularis

and the serosa were similar to those of the 3-hour fish.
G.
fish,

Rectum.

In the rectum of the 6-hour lipid fed

the epithelium at the tips of the mucosal folds con

tained a light concentration of lipid droplets of varying
sizes scattered throughout it.

The submucosa,

the mus-

cularis and the serosa showed a very light concentration of
small lipid droplets.
9 Hours after F e e d i n g .
A.

Middle I n t e s t i n e .

A heavy concentration of

lipids was still present in the epithelium of the middle
intestine in the 9-hour lipid fed fish.
lipid droplets were reduced in size
mucosa,

(Fig.

However,
78).

the

The sub

the rnuscularis and the serosa were similar to those

of the 6-hour fish.
B.

Posterior I nt e s t i n e .

The epithelium at the

tips and the sides of the mucosal folds of the posterior
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intestine in the 9-hour lipid fed fish contained a heavier
concentration of lipids as compared to the 6-hour fish
(Pig. 79).

Also,

the lipid droplets were of a smaller size.

The submucosa between the base of the mucosal folds and the
rnuscularis was heavily laden with small lipid droplets.
The rnuscularis and the serosa were similar to those of the
6-hour fish.
C.

Rectum.

A moderate concentration of lipid

droplets was scattered throughout the epithelium of the
rectum in the 9-hour lipid fed fish (Pig. 80).

The larger

lipid droplets were found at the tips and the sides of the
mucosal folds.

The submucosa,

the rnuscularis and the

serosa were similar to those of the 6-hour fish.
Granular C e l l s .

Granular cells were observed in

the epithelium and in the submucosa of the intestine and
the rectum.

These cells contained small lipid droplets of

varying sizes v/hich stained red with Oil Red 0.

The gran

ular cells were more easily detected in the epithelium at
the base of the mucosal folds than in the submucosa because
a lighter concentration of lipids was usually found here
(Pig. 81).

Also,

the granular cells were more easily de

tected in the starved fish series than in the fish fed
series,

for the same reason.
Rodlet C e l l s .

Rodlet cells were observed in the

epithelium of the intestine and the rectum.

They did not

stain with Oil Red 0, and therefore they were very di f
ficult to detect with this technique.

TABLE V

Neutral lipid concentration in the epithelium and submucosa of the digestive
tube as indicated by the presence of lipid droplets in these regions following Oil Red
0 technique.
LIPID FED FISH
Esophagus
Neutral Lipids
Epithelium
3-hour
6-hour
9-hour
Submucosa
3-hour
6-hour
9-hour

Transition
Zone

Anterior
Intestine

Middle
Intestine

Posterior
Intestine

—
—

+
+
+

+++
+++
+++

++++
+++++
++++

+++
++++
++++ +

+++
+++
+++

+++
+++
+++

+++
+++
+++

+
++
++

+
+
+++

Rectum

+
+
++
+
+
+

- No lipids;
+ light concentration of lipids;
++ moderate concentration of lipids;
+++ heavy concentration of lipids; ++++ heavier concentration of lipids;
+++++ heaviest concentration of lipids.
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PHOSPHOLIPIDS

Starved F i s h ,

In the 2-day starved fish,

the free

border of the absorptive cells in the intestine and the
rectum stained differentially,

that is,

the superficial and

the basal layer were phospholipid positive while the middle
layer was negative.

A negative phospholipid sub-border

region displayed a distinct clear zone between the free
border and the supranuclear region.

The most prominent

display of phospholipid granules of varying sizes occurred
in the supranuclear and infranuclear regions of the intes
tine and the rectum (Fig. 82).

The concentration of granules

was most intense beneath the sub-border region;

it was

gradually reduced as the nuclei were approached and then
intense again in the infranuclear region.
the mucosal folds,

At the base of

the concentration of phospholipids in

the supranuclear region was not as dense as along the sides
and at the tips of the folds.

The basal position of the

nuclei at the bottom of the folds resulted in a size red uc
tion of the infranuclear region and consequently a less
intense concentration of phospholipid granules.
mucosa showed staining components:

the vascular elements

particularly at the tips of the folds,
and the granular cells.

The sub

the nervous elements,

Some of the rodlet cells in the

intestine and the rectum showed intense phospholipid re a c
tion.
In viewing tissue sections of comparable thickness
there appeared to be a reduction in the concentration of
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phospholipids in the supranuclear and infranuclear regions,
from the anterior intestine to the anal region (Pig. 83).
Otherwise,

the middle intestine,

the posterior intestine

and the rectum were similar in phospholipid distribution
to that of the anterior intestine.
No change in the phospholipid pattern of the intes
tine and the rectum was observed in the 4-,

6-, and 8-day

starved fish.
Fed P i s h .

With the exception of changes in the

concentration of phospholipids in the supranuclear and
infranuclear regions in the intestine and the rectum of
the fed fish,

the phospholipid staining components were

similar to the same regions in the 2-day starved fish.
The 3-hour fed fish showed a striking reduction of phospho
lipids in these regions at the tips and the upper sides of
the mucosal folds in the anterior intestine

(Pig. 84).

The

sub-border and supranuclear regions became thicker, more
vacuolated,

and they did not stain with acid hematin.

the middle intestine,

In

this depletion of phospholipids oc

curred solely at the tips of the folds while in the posterior
intestine and the rectum,
tips of a few folds

this effect was noted only at the

(Pig. 85 and 86).

The distinction between the sub-border and supra
nuclear regions previously described in the starved fish
was no longer clearly visible in the absorptive cells lin
ing the lov/er sides and the base of the folds in the
anterior and middle intestine.

Phospholipid granules were

present in both regions of the absorptive cells.

This con

dition was also observed in the 6-hour fish.
I

The 6-hour fed fish showed a general increase in
vac uolization and phospholipid depletion in the intestine
and the rectum:
the folds,
folds,

the

and the

the anterior intestine along the sides of
middle intestine in

the upper part of

the

posterior intestine and the rectum at

the

tips of the folds
In the
tine resembled

(Pig. 87 and 88).

9-hour fish,

the anterior and middle intes

the same regions in

the 3-hour fish.

The

tips of most of the mucosal folds in the posterior inte s
tine and a few of the folds in the rectum showed increased
vacuolization and phospholipid depletion in the supranuclear
and infranuclear regions.
tine,

In the anterior and middle intes

the sub-border and supranuclear regions were not

clearly discernible

(Pig. 89).

60

SECTION VI

DISCUSSION

Generally,

the teleost digestive tract is simpler,

though basically similar to those of the higher vertebrates.
The works of previous investigators on the morphology and
physiology of the alimentary canal supports this view
(Barrington,

1957).

On the other hand,

the absence of a

stomach in Eundulus heteroclitus presents interesting ana
tomical as well as physiological ramifications which merit
attention.

That this fish does not possess a stomach was

clearly shown by Babkin and Bowie

(1928).

The stratified epithelium of the esophagus with its
distinctive saccular mucous cells joins the anterior intes
tine by a very short region,

the transition zone.

Simple

columnar epithelium lines the transition zone and a few
typical goblet cells are present throughout it.
(1931)

and Bullock

Schacht

(1967) recognized this region as having

histological characteristics that properly designate it a
separate portion of the digestive tube.

Hale

(1965) did

not specifically m ention a transition zone in the guppy,
Poecilia r e t i c u l a t a , although she stated that the epithe
lium in the region of the alimentary canal immediately
posterior to the esophagus is of the intestinal type, made
up of tall columnar cells with striated borders and mucussecreting goblet cells.

This limited description basically
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describes the epithelium of the transition zone in the
cyprinodontiform fishes,
affinis

(Bullock,
Schacht

Fundulus heteroclitus and Gambusia

1967).

(1931)

in his work with cyprinodontiform

species other than F. he te ro cl i tu s, held that members of
this group had no sphincter muscle at the junction of the
esophagus and the intestine.
Poecilia re t i c u l a t a , Hale

In the cyprinodontiform fish,

(1965)

believed that a slight

thickening of the circular muscle layer in this region
constitutes a weak sphincter.

Bullock

(1967) mentioned

that the mucosal folds of the transition zone in the m o s 
quito fish,

G. a f f i n i s , may project anteriorly into the

esophagus or posteriorly into the intestine to produce a
valve-like structure associated with a weak muscular
sphincter.

Although there is some increased thickening of

the circular muscle layer at the junction of the transition
zone with the anterior intestine in F. h et e r o c l i t u s , this
in my opinion does not constitute a weak muscular sphincter.
If a valve-like structure does exist here,

then its effect

is due chiefly to the physical narrowness of the transition
zone as compared to the beginning of the anterior intestine.
Perhaps this is what Babkin and Bowie

(1928) were referring

to in their illustrations and in their statement of a welldeveloped sphincter in F. h e t e r oc l it us , quite comparable to
the pyloric sphincter in mammals.
The simple columnar epithelium of the transition
zone is replaced in the anterior intestine by a taller and
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more crowded columnar epithelium.

Typical goblet cells

become a prominent component of the intestinal and rectal
epithelium,

and they increase in concentration as the anal

region is approached.
Hussaini

(1949a),

In the cyprinids described by Al-

he noted that the alimentary canal

posterior to the esophagus forms an intestinal swelling or
bulb.

Vickers

(1962),

described such an intestinal bulb

in the goldfish Carassius a u r a t u s ; Chaicharn and Bullock
(1967) noted that the first limb in the stomachless white
sucker,

the catostomid,

Catostomus commersoni is larger in

circumference than the rest of the digestive tract.

Al

though no distinct intestinal bulb is present in the
anterior intestine of P. h e t e r o c l i t u s , its distention in
well-fed fish shows that this portion of the digestive
tube fulfills one of the functions of a stomach,
age of food.

the stor

No unusual swelling is displayed by either

the middle and the posterior intestine or the rectum.
Bullock

(1967) reported the absence of a distinct inte s

tinal bulb in the anterior intestine of G. a f f i n i s .
In P. heteroclitus the arrangement,

shape,

form and

height of the mucosal folds present a pattern by w hic h the
three intestinal portions and the rectum can be distin
guished one from the other.

The degree to whic h the luminal

surface of the epithelium in these regions shows pit-like
depressions also aids in their recognition.

More of these

indentations are present in the anterior intestine than in
the middle intestine.

Fewer are commonly found in the pos-
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terior intestine and the rectum.
Hussaini

In the cyprinids,

~

Al-

(1949a) described the luminal surface of the

epithelium of the anterior intestine as commonly indented
so that the surface is lowered to from a pit-like d epr es 
sion.

He stated that these depressions occur in the middle

intestine less commonly,

while in the posterior intestine

and the rectum they are rare.
The absorptive cells which comprise the major p or
tion of the epithelium in the intestine and the rectum are
irregularly shaped cylindrical forms.
1967)

and Al-Hussaini

Bullock (1963 and

(1949h) described the cytoplasm of

these cells as divided into four regions:
the sub-border,
clear region.

the free border,

the supranuclear region and the intranu
With the exception of the fused appearance

of the sub-border and the supranuclear regions in the ab
sorptive cells of F. h et e r o c l i t u s , these regions can be
distinguished throughout the intestine and the rectum.
As indicated by Al-Hussaini
absorptive cell,
cipal layers:

(1949b)

for the cyprinid

the free border is built up of three pr in 

the superficial layer,

the granular layer.

Bullock

the canal layer and

(1963 and 1967)

fishes and in G. affinis respectively,

in salmonid

reported that only

two of the three layers could be definitely identified:
the canal or microvilli region and the basal granular layer.
Chaicharn and Bullock (1967)

also made a similar observation

on the free border in Gatostomus c om m e r s o n i .

Hale

(1963)

distinguished terminal bars and the various regions of the
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striated border of columnar absorbing cells in the guppy,
while Bishop and Odense

(1966) noted the presence of a

brush border at the free surface of the columnar cells
lining the ileum in the cod,

Gadus m o r h u a , a fish distantly

related to the others discussed.
micrographs,

Odense and Bishop

With the aid of electron

(1966)

showed that the free

border of the epithelial cells of the ileum and the rectum
in the cod is made up of microvilli.
The free border lining the intestine and the rectum
in P. heteroclitus is composed of three layers which can be
distinguished with the staining techniques used.

It should

be noted that the superficial layer appears to be a very
thin and delicate structure.

It was often torn from the

underlying striated middle layer,

sometimes completely and

at other times with one or two ends attached.

The three

individual layers showed differentiation in their staining
qualities,

that is,

all three layers did not stain with

every one of the stains employed.

This variability in

staining suggests a difference in the chemical structure
of the three layers and/or differences in the physiological
state of the free border at the time of fixation.

The chem

ical nature of the free border was partially revealed with
the staining techniques employed.

Acidophilic qualities

were indicated by fast green and eosin.

The presence of

acid mucopolysaccharides in the superficial layer is seen
by its reaction with alcian blue.

The marked staining of

the free border with PAS technique shows the presence of
non-acid or neutral mucopolysaccharides which were unaf
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fected by salivary digestion.

The identification of n e u 

tral mucopolysaccharides is further supported by the
intense alkaline phosphatase activity detected in the free
border and by the dense staining with aldehyde fuchsin.
The work of Moo g and Y/enger (1952)

and V/einreb and Bilstad

(1955) pointed out the close relationship between the sites
of phosphatase activity and neutral mucopolysaccharides.
The reactions of the free border v/ith PAS reagent,

aldehyde

fuchsin and alcian blue, plus the detection of alkaline
phosphatase activity in this structure are similar to
those reported by Bullock

(1967)

in G. a f f i n i s .

white sucker (Chaicharn and Bullock,
failed to stain with alcian blue.

1967),

In the

the free border

The acidophilic nature

of the free border corresponds to that observed by Bullock
(1963)

in the salmonid fishes.
Pew attempts have been made to correlate the d i 

gestive processes of fish with the cytology of the
absorptive cells.

With the salmonid fishes

(Bullock,

1963),

and in the white sucker (Chaicharn and Bullock,

1967),

the cytological appearance of the absorptive cells

in the intestine was described for non-fed fish and fed
fish.

Bullock (1967)

included a description of marked

changes which occur in the intestine and the rectum of G.
affinis 3 and 6 hours following feeding with a bread meal.
He also reported the effects of crab meat fed at an u n r e 
corded period of time to a group of fish.

The absorption

of fat by the intestinal epithelium in species of cyprinids
was considered by Al-Hussaini

(1949b).

Since the nature
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and the distribution of neutral lipid droplets departs
from the previous basic description of the absorptive
cells,

this subject will be treated separately below.
With the exception of the neutral lipid starved

fish series,

there were no marked changes in the appearance

of the absorptive cells in the other starved fish series.
In the series of fish fed white bread and in those fed
crab meat, most of the marked changes occurred in the sub
border and supranuclear regions of the absorptive cells.
This was particularly visible in the anterior and middle
intestine at the tips and upper sides of the mucosal folds.
This area becomes thicker and more vacuolated.

These

vacuoles did not stain with the techniques used,
sequently,

and con

the tips and the upper sides of the folds showed

a very light staining pattern.

The vacuoles probably r e p 

resent fat droplets of varying sizes that have been removed
during the paraffin technique.
Chaicharn and Bullock
of this phenomenon.

(1967)

Al-Hussaini

(1949b)

and

offered a similar explanation

In the guppy,

Hale

(1965) noted that

the columnar cells of regions of the intestine actively
engaged in absorption contain vacuoles,

and that in pa ra f

fin sections these vacuoles appear empty and may be assumed
to have contained absorbed fat.
The most prominent changes following feeding are
found in the distal portion of the posterior intestine and
the anterior portion of the rectum.

Here,

large vacuoles

are present and the sub-border and supranuclear regions
increase in thickness.

In fish fed a bread meal,

the

extent of vacuolization is about the same in the 3 and 6
hour fish.

In the 3-hour fish,

merous granules,
empty.

the vacuoles contain n u 

while at 6 hours many of the vacuoles are

At 9 hours,

the vacuoles are smaller,

them still retain granular contents.

but some of

The gradual change in

the size of the food vacuoles and the absence of granular
contents in many of them from 3 to 9 hours after a meal of
white bread suggests a rather constant rate of absorption
and assimilation of carbohydrate foodstuffs in P. he te ro
clitus .

Bullock (1967) reported that in fish killed 6

hours after a bread meal the granules were completely gone.
This condition may indicate a more rapid rate of absorption
and assimilation of similar foodstuffs in G. a f f i n i s .
Prom the present study,

it appears that in the

series of fish fed a bread meal the absorptive cells in
the distal portion of the posterior intestine and the
anterior portion of the rectum exhibit a more constant
cytological appearance,

and a more definite rate of ab

sorption and assimilation than the fish fed crab meat.
Small vacuoles with granular contents appear only in some
of the fish at 3 hours after having been fed a meal of
crab meat.
vacuoles,
feeding,
persists,

At 6 hours, more of the fish show similar
but not all of them.

Even at 9 hours after

the variability in the presence of food vacuoles
although,

in the fish with vacuoles,

they are

large and contain numerous granules of varying sizes.
The 9-hour crab meat fed fish are similar to the 3-hour
white bread fed fish in the appearance and distribution of
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food vacuoles.

The variability in the size and in the

presence of food vacuoles in different fish from 3 to 9
hours after a meal of crab meat suggests a less constant
rate of digestion and absorption of protein foodstuffs in
P. h e t e r o c l i t u s .

Further digestion and absorption of

protein material should occur later than 9 hours after
ingestion.

In the series of fish fed crab meat,

there is

less thickening of the sub-border and supranuclear regions
of the absorptive cells.

Bullock

(1967) noted in the

group of fish fed crab meat an unrecorded period of time,
that there were numerous vacuoles filled with acidophilic
granules.

He also indicated that there was little thick

ening of the sub-border layer even though it was vacuolated.
Bullock's group of fish appears to resemble some of the 9hour crab meat fed fish in the present investigation.
Prom the cytological evidence of the effect of
feeding on the absorptive cells,

it appears that the major

secretory and/or absorptive activity in P. heteroclitus
occurs in the distal portion of the posterior intestine and
the anterior portion of the rectum.
(1967)

The work of Bullock

on another cyprindontiform fish,

tend to support this conclusion.
the study of overfed salmonids

Also,

(Bullock,

G.

affinis would

the evidence from
1963),

indicated

that digestion and/or absorption can occur in the rectum
of well-fed fish.
The neutral lipid series of starved and fed fish
produced some interesting as well as supporting evidence as
to the regions of secretory and/or absorptive activity in
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the digestive tube.

In this series,

the starved fish show

a marked change in the appearance of the absorptive cells.
A spectacular decrease in the concentration of lipid drop 
lets occurs in these cells in the anterior and the middle
intestine of the 6-day starved fish.

This reduction in

lipids continues through the 8-day starvation period.
Throughout the starved fish series,

the absorptive cells

in the posterior intestine and the rectum are almost devoid
of lipids.
In fish fed dogfish liver,

an increase in the con

centration of neutral lipids occurs in the middle intestine
3 to 9 hours after feeding.

A reduction in lipid droplet

size is also noted in the 9-hour fish.
3-hour fish,

Beginning with the

the posterior intestine shows a progressive

increase in the concentration of lipid droplets.
hours,

By 6

the rectum shows a similar increase in the concen

tration of lipids.

At 9 hours,

a heavier concentration of

lipids is present in the posterior intestine and the rectum.
A reduction in lipid droplet size also occurs at this time
in the posterior intestine.
Al-Hussaini

(1949b)

conducted seven different

experiments on cyprinids in studying the condition of the
intestinal epithelium during fat absorption.

One of

these experiments on a fasting fish given castor oil by
mouth and killed 4 hours later,

falls within the experi

mental range of the 3- to 6-hour fed fish in the present
investigation.

The absorptive cells in his fish showed

considerable accumulations of fat, which also was present
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in the tunica propria.

He prepared transverse sections of

the various parts of the intestine

except for the rectum.

Al-Hussaini drew a number of conclusions from his studies;
fat is mainly absorbed by the middle and posterior limbs
of the intestine;

the anterior intestine absorbs less and

the rectum very much less
on other experiments);

(the latter conclusion was based

early in the fat absorbing process,

fat globules of widely varying size are found while later
they become more uniformly small.
Taking into account the increase in lipid absorp 
tion in the middle intestine,

the present evidence would

tend to reinforce the conclusion that the major secretory
and/or absorptive activity in P. heteroclitus occurs in
the posterior intestine and in the anterior rectum.
The phospholipid series of fed fish presented
supporting evidence as to the presence of lipids in the
supranuclear region of the absorptive cells.
with the sub-border region,

Together

the supranuclear region in

the intestine and the rectum became thicker and more
vacuolated.

The pattern of vacuolization at the tips

the sides of the mucosal

and

folds in the intestine of these

fish is similar to the same region in the carbohydrate and
protein fed fish.

That these vacuoles did not stain with

the non-lipid techniques employed was due to the removal of
both the neutral lipids and the phospholipids by lipid
soluble reagents used in

the paraffin technique.

Alkaline phosphatase activity

was abundant in

the
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free border of the absorptive cells in the species of
cyprinids studied by Al-Hussaini

(19 49 h).

Bullock

(1967)

reported alkaline phosphatase activity in the free border
of the intestine and in the anterior portion of the rectum
in G. a f f i n i s .

He noted that it gradually but quickly

fades away in the midrectum and is completely absent in
the posterior rectum and the anal canal.
Bullock

(1963)

In the salmonids,

detected phosphatase activity in the free

border of the absorptive cells in the intestinal epithe
lium.
In the starved fish series,

alkaline phosphatase

reaction is present in the free border of the intestine and
the rectum.

It is most intense in the anterior intestine

and in the anterior portion of the middle intestine.
dally from this point,

Cau-

a gradual decrease in phosphatase

activity occurs into the rectum where some of the mucosal
folds did not show this reaction at all.

The superficial

layer and the granular layer appear more intense in
phosphatase activity than the middle striated layer.
Al-Hussaini

(1949h) noted that the superficial layer

appears jet black,

the canal and the granular layer paler

and the rest of the cytoplasm showed no appreciable col
oration.
In the series of fish fed white bread,

the intense

alkaline phosphatase activity of the free border is present
in the anterior and middle intestine of the 3-hour fish.
Prom the posterior intestine caudally,

a gradual decrease
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in phosphatase reaction occurs till the middle of the r e c 
tum.

The remainder of the rectum is negative to this

activity.

Alkaline phosphatase activity is absent from the

free border of the middle intestine,

the posterior intes

tine and the rectum in the 6-hour fish,

but the activity

is weak in these regions in the 9-hour fish.
crab meat,

In fish fed

the posterior intestine and the rectum are

similar to that described above,

while the anterior and

middle intestine show intense alkaline phosphatase acitivty
throughout this series of fish.
The most striking concentration of alkaline pho sph a
tase activity is found in the connective tissue of the
submucosa throughout the digestive tube.
fish series,

In the starved

this phosphatase activity appears to diminish

gradually from the posterior intestine to the anal region.
In the series of fish fed white bread,

the phosphatase r e 

action appears to increase from the posterior intestine to
the anal region in the 6- and 9-hour fish.
crab meat,

In fish fed

alkaline phosphatase activity is intense in the

subepithelial layer of the anterior and the middle intes
tine while a similar reaction is found throughout the
submucosa of the posterior intestine and the rectum.
Al-Hussaini

(1949b)

held that phosphatase activity

is also seen in the subepithelial connective tissue in the
cyprinids.

With the salmonids,

Bullock

(1963) remarked

that the network of the lamina propria often exhibited
marked alkaline phosphatase activity.

In some of his
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fish,

the entire lamina was affected while in other fish

this phosphatase activity appeared limited,
stroma or to the nuclei.

either to the

He further noted that a strong

reaction occurred in a somewhat condensed subepithelial
region of the lamina propria.
and Bullock

(1967)

white sucker,

On the other hand,

Chaicharn

found that in the lamina propria of the

the connective tissue elements are usually

negative with the exception of those immediately un der 
neath the epithelium which are occasionally positive.
pointed out by Moog and Wenger
Bilstad

(1955),

(1952)

As

and Weinreb and

the close association between neutral

mucopolysaccharides and the sites of alkaline phosphatase
activity may indicate heavy concentrations of these sub
stances in the connective tissue of the submucosa in P.
heteroclitus.
The enzyme,

alkaline phosphatase,

may be directly

related to the process of absorption in biological systems.
The detection of this enzyme in the free border of the
intestine and the rectum suggests a close relationship be
tween the luminal digested foodstuffs w hic h are in direct
contact with the free border and this site of phosphatase
activity.

The high concentration of alkaline phosphatase

throughout the submucosa of the digestive tube may also
indicate the involvement of this enzyme in the absorption
of digested foodstuffs,

from the absorptive cells into the

fluid systems of the body proper.
fered a similar interpretation.

Al-Hussaini

(1949b)

of
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Pish were examined each month from July through
October to ascertain possible seasonal distribution of
alkaline phosphatase activity,
submucosa.

particularly that of the

The results were negative.

Of course,

this

finding does not take into account the possible reduction
of phosphatase activity during the winter months when
these fish live buried in the mud of deeper holes and
creeks.
The rodlet cells deserve special mention because
of their enigmatic nature.

These cells have been observed

by many investigators in different fishes and amphibians.
They are generally reported from the intestinal mucosa,
but are not exclusively limited to this region.

The first

specific reference to them was by Thelohan (1892) who re
ported them as sporozoan parasites from several species of
fish.

They were later named Rhabdospora thelohani by

Laguesse
by Hale
back,

(1895).
(1965)

Recently,

this conclusion was supported

in her work with the three-spined stickle

Gasterosteus aculeatus and the guppy,

r e t i c u l a t a , and by Bannister
the minnow,

Poecilia

(1966) who described them in

Phoxinus p h o x i n u s .

This cell type has been described as a glandular
cell

(Stabchendrusenzellen)

more recently by Al-Hussaini
cyprinids,

by Bullock

in fishes by Plehn (1906),
(1949a and 1949b),

(1963 and 1967)

in some

in salmonids and

G. affinis respectively and by Chaicharn and Bullock
in the white sucker.

(1967)

On the basis of the general appear
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ance of this cell type in a variety of fishes,
(1963)

Bullock

considered that the name "rodlet cell" was an

appropriate designation.

Bishop and Odense

(1966)

ascribed

a possible enzyme source to these cells in the intestine
of the cod, while Vickers

(1962)

in goldfish,

noted a

possible relationship of this cell type to the goblet
cell at least under his experimental conditions.

He also

considered the possibility of its being an abnormal cell,
since its occurrence in his control animals is only infre
quent .
In P. h e t e r o c l i t u s , the rodlet cells are found in
the epithelium of the intestine and the rectum in both the
starved and the fed fish series.

None were observed in

the esophagus and the transition zone.
structure of the "pear-shaped"
and 1949b)

They resemble the

cells of Al-Hussaini

and of Bishop and Odense

(1966);

(1949a

they are simi

lar to the "rodlet cells" described by Bullock (1963 and
1967)

and Chaicharn and Bullock

(1967).

These cells also

fit the general description given the bodies found among
the columnar cells of the intestinal epithelium by Hale
(1965).

Vickers

(1962)

second cell type of those variably

present in the epithelial lining of the intestine,

un

questionably fits the description of a rodlet cell.
The concentration of rodlet cells ranges from a
few in each of the three intestinal sections and throughout
the rectum,

to heavy concentrations in the posterior intes

tine of some fish.

Here,

the rodlet cells formed almost a

solid row lining the tips and upper sides of many of the
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mucosal folds.

These cells were found in all the fish

examined and they appear to be most abundant in the middle
intestine.

The high degree of individual variation shown

above makes one hesitate in ascribing a physiological rela 
tionship .
The cytological description of rodlet cells in P.
heteroclitus:

a prominent cell boundary,

chambers surrounding a central core,
nucleus,

and a stoma;

rodlets within

a large oval basal

these are confirmed in the electron

micrographs of rodlet cells

(Bannister,

1966).

With the staining techniques used,
similar to those reported in G. affinis
in the salmonids

(Bullock,

1963).

the rodlets gave a basophilic
In the cod,

1967)

and

nor do they stain

Some of the rodlet cells stain markedly

with Baker's acid hematin technique.

guppy.

(Bullock,

The rodlets show no evi

dence of alkaline phosphatase activity,
with alcian blue.

the rodlets are

Hale

(1965) held that

staining reaction in the

Bishop and Odense

(1966) reported that

these cells were not stained by PAS technique as is the
case in P. heteroclitus nor by alcian blue.

Vickers

(1962)

stated that the rodlets stained with aldehyde fuchsin and
gave a positive PAS reaction.

His paper deals in part

with the changes induced by salts of cobalt and manganese
on the dynamics of cell replacement.

During the period of

cobalt treatment from the 8th day or so onwards,

progres

sively greater numbers of these cells begin to appear.

The

number of such cells was not sufficient for a definite site
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of origin to be decided and they appeared on all parts of
the rugae

(mucosa),■especially in the upper parts of the

intestine.

In the white sucker,

Chaicharn and Bullock

(1967) held that the rodlet cells appear to originate in
the intestine from wandering leucocytes situated at the
base of the mucosal folds.
were identified.

Here,

a few intermediate stages

No stages in the development of rodlet

cells were observed in P. h e t e r o c l i t u s .
It should be noted in conjunction with the descrip
tion of the staining qualities of the rodlet cells,

that

although the majority of them give a characteristic stain
ing reaction wit h a given technique,
show variability in staining:
the same fish,
For example,

some of these cells

from fish to fish, within

and even within a single tissue section.

the rodlet cells generally stain green with

trichrome but some of them may stain completely red in the
same tissue section.

This variability in staining quality

may be indicative of different physiological states of the
same cell and/or different species of rodlet cells.

The

failure of the rodlets to give a PAS positive reaction in
the cod (Bishop and Odense,

1966) and the staining of some

but not all of the rodlet cells with acid hematin in P.
h e t e r o c l i t u s , further emphasizes a difference between these
cells.
Empty rodlet cells were observed in P. heteroclitus
but none were seen discharging rodlets or cellular contents
into the lumen of the intestine or the rectum.

Bullock
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(1963) mentioned seeing the extruding of rods from several
cells in the American eel.

He also stated that such extru

sion was not seen in the salmonid and that this could he
attributed to the much smaller number of rodlet cells.

In

P. h e t e r o c l i t u s , this is not the case as the rodlet cells
are generally quite plentiful.
The function of rodlet cells is as great an enigma
as their nature.

Without question,

a good deal more work

is needed if we are to appreciate the biological signifi
cance of this cell type.
Another controversial cell type described by many
investigators as present in the digestive tract of fishes
is the large granular cell.
attributed to them (Bolton,
Chaicharn and Bullock,

No specific function has been
1933,

1967).

Al-Hussaini,

19496,

and

These cells are common to

the wall of the digestive tract particularly in the sub
mucosa,

although they are found sparingly in the basal

part of the epithelium.
Al-Hussaini

(1949a and 1949b) described their

presence in the intestinal epithelium and submucosa of
several species of fishes.

Some of these cells were

either acidophilic or basophilic in response to the stain
ing techniques used.

He noted that the number of granules

which are stainable by one technique may be quite different
from that seen with a different one,
same fish.

even in one and the

Al-Hussaini suggested that even in one species,

the granules may be of differing chemical composition and
hence, may have several functions to perform.

Hale

(1965)
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in one sentence mentioned the presence of numerous basophil
granulocytes in the intestinal epithelium of certain gup
pies,

but absent from that of others.

She suggested a

probable correlation with the phase of digestion or other
metabolic activity at the time of fixation.
In the starved fish series and in the fed series
of individuals,

the granular cells are found in the epithe

lium and the submucosa throughout the digestive tube.

They

were present in all the fish examined and were most abundant
in the rectum.

Except for their staining reaction with

buffered azure-eosinate,

these cells are similar to the

granular cells described by Bullock

(1967)

and by Chaicharn and Bullock

in the white sucker.

(1967)

in G. affinis

The granular cells in P. heteroclitus give constant and
reproducible staining results as compared to those studied
by Bullock

(1963)

in salmonid fishes.

In G. a f f i n i s , Bullock

(1967)

stated that the

granules of the epithelial granular cells stained intensely
red at pH 4 while the granules of the cells in the sub
mucos a were unstained.

At pH 6, the granules of the

submucosal granular cells stained dark blue;
epithelium were unstained.
and Bullock

those of the

In the white sucker,

Chaicharn

(1967) reported that the granules of the gran

ular cells stain light pink with azure-eosinate at pH 4
and light blue at pH 5.

In P. h e t e r o c l i t u s , the granules

of the epithelial and the submucosal granular cells stain
a light pink from pH 3.5 to 5.5.

At pH 6 and pH 6.6,

the
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granules in both regions were unstained.
forms were found.

No intermediate

This evidence suggests that in P.

h e t e r o c l i t u s , the granular cells in the epithelium and the
submucosa are similar and it would tend to support the
past assumption (Bolton,

1933),

that the granular cells

of the submucosa give rise to those in the epithelium.
Vickers

(1962) reported large numbers of granulated

cells in the lamina propria of the intestinal epithelium of
the goldfish.

He stated that these cells did not stain with

aldehyde fuchsin nor give a positive reaction with PAS
technique.

This difference in staining reactions as com

pared with P. heteroclitus suggests either different
species of granular cells or different physiological states
at the time of fixation.
Baker's acid hematin test for phospholipids was
markedly positive for the granular cells in this study.
V/einreb and Bilstad

(1955) reported that the granules of

the granular cells appeared to have a protein core sur
rounded by a lipid-phospholipid shell and a trace of
non-acid mucopolysaccharides.

The above evidence would

tend to support their view.
More than a passing mention should be made con
cerning the band of PAS positive material which appears
at the boundary between the sub-border and the supranuclear
regions in the absorptive cells.

In well-fed fish,

Bullock

(1967) mentioned a similar band of PAS positive material
in the absorptive cells.

No specific region of the intes

tinal tube was indicated by him,

except in a caption of a
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figure in which this band was found in the epithelium of
the anterior intestine.

The granular layer is present

mainly in the posterior intestine and the rectum of P.
heteroclitus.

It was present in the starved fish series

and in the series of fish fed white bread,
tion of the 6-hour fish.
granular layer.

Moreover,

with the excep

Pish fed crab meat showed this
this layer is found mainly in

those regions of the digestive tube thought to be a s so ci
ated with secretory and/or absorptive activity.

Therefore,

it is tempting to suggest that the presence or absence of
this band of PAS positive granules is somehow coupled with
these functions.

However,

much more evidence is needed

before such a conclusion can be offered.
In some of the 9-hour fish fed a bread meal,

large

PAS positive granules were scattered throughout the epi
thelium in the posterior intestine and the rectum.
(1962)

Vickers

described the presence of heavy granulation in the

distal parts of all or a large proportion of the columnar
epithelial cells of

the intestine in the goldfish. The

significance of these large granules is obscure.
Mention should be made of the presence of parasitic
forms in the lumen and in the wall of the intestine and
rectum.

Species of

lumen as well as in

trematodes were commonly found in the
the submucosa of the gut wall.

A

sporozoan, E imeria s p ., a coccidian was found relatively
frequently in the epithelium lining the intestine and the
rectum.
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SECTION VII

SUMMARY

1.

The esophagus is joined to the
but distinct transition zone.

intestine by a short
A definite sphincter is

not present between the transition zone and the intes
tine.

2.

A stomach is absent in P. h e t e r o c l i t u s .

The stratified esophageal epithelium contains large
saccular mucous cells that are different in appearance
from the typical goblet cells of the transition zone,
the intestine and the rectum.

3.

The epithelium of the intestine and the rectum con
sists of columnar absorptive cells and typical goblet
cells.

Lymphocytic wandering cells are abundant in

these regions.

4.

A definite ileorectal valve is present at the boundary
of the posterior intestine and the rectum.

5.

Granular cells are present in the epithelium and the
submucosa throughout the digestive tube.

6.

Rodlet cells are found only in the epithelium of the
intestine and the rectum.

7.

In fed fish,

the major evidence of digestive/absorptive

activity appears in the distal portion of the posterior
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intestine and the anterior portion of the rectum.

8.

The gradual change in the size of food vacuoles and
the absence of granular contents in many of them from
3 to 9 hours after a meal of white bread suggests a
rather constant rate of digestion and absorption of
carbohydrate foodstuffs.

9.

The variability in the size and in the presence of food
vacuoles in different fish from 3 to 9 hours after a
meal of crab meat suggests a less constant rate of
digestion and absorption of protein foodstuffs.

10.

Taking into account the increase in neutral lipid a b 
sorption in the middle intestine
dogfish liver,

of fish fed a meal of

the present evidence would tend to rein 

force the conclusion that the major digestive/absorptive
activity occurs in the posterior intestine and the r e c 
tum.
11. Alkaline phosphatase activity is present in the free
border of the intestine and the rectum and in the sub
mu cosa throughout the digestive tube.

12. Phosphatase activity in the free border of the intes
tine and the rectum in the protein fed fish is similar
to the same regions in the 3-hour carbohydrate fed fish.

13. Phosphatase activity in the submucosa of the intestine
and the rectum in the protein fed fish is similar to
the same regions in the carbohydrate fed fish.
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14.

The phospholipid series of fed fish presents support
ing evidence as to the presence of lipids in the
supranuclear region of the absorptive cells.

15.

The present evidence suggests that seasonal d istri
bution of alkaline phosphatase does not occur in F.
heteroclitus.

16.

The band of PAS positive granules which appear at the
boundary between the sub-border and the supranuclear
regions and which is mainly found in the posterior in
testine and the rectum may be associated with secretory
and/or absorptive activity.
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FIGURES
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Figure 1

Cross section of the esophagus.
Note the ar
rangement of the longitudinal folds and the dark
staining mucous cells.
Note also the bundles of
skeletal muscle scattered throughout the sub
mucosa.
NBF, PAS.
X 40

Figure 2

Epithelium of the esophagus at the base of a
fold.
Note the small, dark staining basal
cells and the large saccular mucous cells.
NBF, Hematoxylin and eosin.
X 400
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Figure 2
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Figure 3

Sides of two esophageal folds showing the flat
tened superficial epithelial cells.
Note the
cells located upon the surface of the mucous
cells.
NBF, Hematoxylin and eosin.
X 1000

Figure 4

Tip of an esophageal fold.
Note the well defined
convex surface of the superficial epithelial
cells.
Note also the flattened superficial epi
thelial cell diagonally across from them.
NBF,
Hematoxylin and eosin.
X 1000
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Figure 4

94

Figure 5

Vie w of another tip of an esophageal fold.
Note
the mucous cells covering the tip of the fold
and the flattened crescent shaped nucleus at the
base of these cells.
NBF, Hematoxylin and eosin.
X 1000

Figure 6

Junction of the esophagus and the transition zone.
Note the sudden disappearance of the mucous cells
and their complete absence in the epithelium of
the transition zone.
Note also the presence of
a few goblet cells in the transitional zone epi
thelium.
Helly's, Trichrome.
X 400
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Figure 6
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Figure 7

Alkaline phosphatase reaction in the esophagus
of a 2-day starved fish.
Note the absence of
enzyme activity in the epithelium as compared
to the intense activity in the submucosa.
Ethyl alcohol.
X 100

Figure 8

Alkaline phosphatase reaction in the esophagus
of a 6-day starved fish.
Note the reduction of
enzyme activity in the submucosa.
Ethyl Alcohol.
X 100

Figure 7

Figure 8
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Figure 9

Alkaline phosphatase reaction in the esophagus
of an 8-day starved fish.
Note the further re 
duction of enzyme activity in the submucosa.
Ethyl Alcohol.
X 100

Figure 10 Alkaline phosphatase reaction in the esophagus
of a 3-hour carbohydrate fed fish.
Note the
weak enzyme activity present mainly in the subepithelial region of the submucosa.
Ethyl
Alcohol.
X 100

Figure 9

Figure 10
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Figure 11

Alkaline phosphatase reaction in the esophagus
of a 3-hour protein fed fish.
Note the intense
enzyme activity present mainly in the subepithelial region of the submucosa.
Ethyl Alcohol.
X 100

Figure 12

Alkaline phosphatase reaction in the esophagus
of a 6-hour protein fed fish.
Note the weak
enzyme activity present main ly in the subepithelial region of the submucosa.
Ethyl Alcohol.
X 100
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Figure 12
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Figure 13

Cross section of the esophagus showing the epi
thelium devoid of neutral lipids, with the
exception of a few lipid droplets scattered
throughout the layer.
Note the nonstained
mucous cells.
Note also the heavy concentra
tion of lipid substances in the submucosa.
Oil Red 0.
X 100

Figure 14

Esophageal fold.
Note the phospholipid reaction
in the nuclei of the mucous cells.
Note also
the phospholipid granules scattered throughout
the cytoplasm of the epithelial cells.
Acid
Hematin.
X 400
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Figure 13

Figure 14
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Figure 15

Cross section at the junction of the anterior
intestine and the transition zone.
Note the
irregular mucosal folds of the transition zone
to the right and the arrangement of the folds of
the anterior intestine to the left.
Note also
the dark stained goblet cells in both of these
regions.
NBF, PAS.
X 40

Figure 16

Portion of a transition zone fold showing the
simple columnar appearance of the epithelium.
Note the diffuse PAS positive material in the
sub-border region of the columnar cells.
NBF, PAS.
X 100
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Figure 15

Figure 16
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Figure 17

Mucosal fold showing the junction of the transi
tion zone and the anterior intestine.
Note the
gradual change from the transition zone epi
thelium to the right to that of the anterior
intestine to the left.
Note also the stained
free border of the anterior intestine.
NBF,
PAS.
X 400

Figure 18

Alkaline phosphatase reaction in the transition
zone of a 2-day starved fish.
Note the absence
of enzyme activity in the epithelium as com
pared to the intense activity mainly in the
subepithelial region of the submucosa.
Ethyl Alcohol.
X 100
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Figure 18
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Figure 19

Gross section of the transition zone showing a
pattern of lipid distribution and concentration
similar to that of the esophagus.
Note the
moderate concentration of lipid droplets in
the tips of some of the folds.
Oil Red 0.
X 100

Figure 20

Tip of a transition zone fold.
Note the p ho s 
pholipid granules mainly concentrated in the
supranuclear region of the columnar cells.
Note also the phospholipid reaction in the
vascular elements in the submucosa at the tip
of the fold.
Acid Hematin.
X 400
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Figure 20
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Figure 21

Gross section of the anterior intestine of a 2day starved fish.
Note the complex array of
mucosal folds.
Bouin's, Trichrome.
X 40

Figure 22

Cross section of the middle intestine of a 2day starved fish.
Note the less complex array
of mucosal folds.
Bouin's, Trichrome.
X 40
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Figure 21

Figure 22
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Figure 23

Cross
2-day
array
these

section of the posterior intestine of a
starved fish.
Note the less complex
of mucosal folds and the broad form of
folds.
Bouin's, Trichrome.
X 40

Figure 24

Cross section of the rectum of a 2-day starved
fish.
Note the simple and broad mucosal folds.
Bouin's, Trichrome.
X 40

113

mm

Figure 24
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Figure 25

Epithelium of the anterior intestine of a 2-day
starved fish.
Note the depressions lined by
epithelial cells in the luminal surface of the
epithelium.
Bouin's, Trichrome.
X 1000

Figure 26

Epithelium of the anterior intestine of a 2-day
starved fish.
Note the irregularly shaped ab
sorptive cells, wide at the luminal surface and
tapering toward their base.
Note also the
nonstained goblet cells.
Bouin's, Trichrome.
X 1000
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Figure 25

Figure 26
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Figure 27

Anterior intestinal epithelium of a 2-day
starved fish.
Note the sharply defined free
border showing the dark stained thin super
ficial layer, the nonstained middle layer and
the dark stained narrow basal layer.
Note also
the goblet cells.
NBF, Aldehyde Fuchsin.
X 1000

Figure 28

Epithelium of the rectum of a 2-day starved
fish.
Note the more diffuse free border as
compared with figure 27.
Bouin's, Trichrome.
X 1000
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Figure 28

Figure 29

Anterior intestinal epithelium of a 2-day starved
fish.
Note the stained thin superficial layer of
the free border.
Helly's, Alcian Blue.
X 1000

Figure 30

Epithelium of the anterior intestine of a 2-day
starved fish.
Note the thin superficial layer
near the center of the photograph detached from
the middle layer of the free border.
Note also
the dark stained narrow basal layer.
Bouin's,
Hematoxylin and eosin.
X 1000
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Figure 29

Figure 30
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Figure 31

Anterior intestinal epithelium of a 2-day starved
fish.
Note the band of granular PAS positive
material dividing the sub-border and supranuclear
regions.
Note also the PAS positive reaction of
the free border and the goblet cells.
NBF, PAS.
X 1000

Figure 32

Epithelium of the anterior intestine at the
base of a fold of a 2-day starved fish.
Note
the mask ing effect of the absorptive cell nuclei
and the non-absorptive cells on the intranuclear
region.
Note also a rodlet cell near the base
of the luminal space.
Bouin's, Hematoxylin and
eosin.
X 1000
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Figure 32
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Figure 33

Mucosal folds of the posterior intestine of a
2-day starved fish.
Note the numerous large
food vacuoles densely packed into the subborder and supranuclear regions.
Bouin's,
Trichrome.
X 400

Figure 34

Epithelium of the anterior intestine at the base
of a fold of a 2-day starved fish.
Note the
mitotic figure in the anaphase stage above the
nuclei level of the absorptive cells and near
the free border.
Bouin's, Hematoxylin and
eosin.
X 1000
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Figure 33

Figure 34
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Figure 35

Cross section of the middle intestine of a 2day starved fish showing the major concentration
of goblet cells lining the sides of the folds.
NBF, Aldehyde Fuchsin.
X 100

Figure 36

Posterior intestinal epithelium of a 2-day
starved fish.
Note the oval shaped rodlet
cells with well-defined cell boundaries within
the free border.
Note also the large spherical
nuclei at the base of these cells and the d is
tinct rodlets radiating towards the tips of the
cells.
NBF, Trichrome.
X 1000

Figure 35

Figure 36
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Figure 37

Tip of a mucosal fold in the posterior intes
tine of a 2-day starved fish showing two
rodlet celis longitudinally sectioned.
Note
the dark stained rodlets within the nonstained
oval chambers.
Note also the dark stained
basal nuclei of these cells.
Bouin's, PAS.
X 1000

Figure 38

Portion of another fold in the posterior intes
tine of a 2-day starved fish showing a number of
rodlet cells in cross section.
Note the peri 
meter of chambers containing rodlets within the
cell boundary.
Bouin's, PAS.
X 1000

Figure 37

*

Figure 38
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Figure 39

Anterior intestinal epithelium of a 2-day
starved fish.
Note the m ar kedly positive
phospholipid reaction of the rodlet cell.
Note also the negative phospholipid reaction
of the rodlet cell directly above this one.
Acid Hematin.
X 1000

Figure 40

Epithelium of the posterior intestine of a 2day starved fish.
Note the almost solid row of
rodlet cells within the free border.
Note also
the rodlet cell near the right edge of the photo
graph wit h its apex extended through the free
border to the surface of the fold.
Bouin's, PAS.
X 1000

Figure 39

Figure 40
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Figure 41

Granular cells in the epithelium and the sub
mucosa of the posterior intestine of a 2-day
starved fish.
The two cells towards the bottom
of the photograph are in the basal portion of
the epithelium.
The cell above them is in the
submucosa.
NBF, Trichrome.
X 1000

Figure 42

Epithelium of the posterior intestine of a 2day starved fish.
Note the distinct and dark
stained basement membrane.
NBF, PAS.
X 1000
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Figure 41

Figure 42
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Figure 43

Cross section of the anterior intestine of a
fish killed 3 hours after a bread meal.
Note
the highly distended wall of the intestine, the
increased space between the folds and the com
pressed and shortened folds.
Note also the
foodstuffs in the lumen.
Bouin's, Trichrome.
X 1000

Figure 44

Tips of mucosal folds of the anterior intestine
of a fish killed 3 hours after a bread meal.
Note the highly vacuolated sub-border and supra
nuclear regions.
Note also the very light
staining pattern of these regions.
Bouin's,
Trichrome.
X 400
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Figure 43

Figure 44

134

Figure 45

Tip of a fold in the posterior intestine of a
fish killed 3 hours after a bread meal.
Note
the band of granular PAS positive material
dividing the sub-border and supranuclear re
gions.
Note also the rodlet cells and the
goblet cells.
NBF, PAS.
X 1000

Figure 46

Epithelium of the anterior rectum of a fish
killed 3 hours after a bread meal.
Note the
numerous large food vacuoles in the sub-border
and supranuclear regions.
Note also the cluster
of granular contents within the vacuoles.
NBF, PAS.
X 1000
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Figure 45

Figure 46
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Figure 47

Epithelium of the anterior rectum of a fish
killed 6 hours after a bread meal.
Note the
large food vacuoles which contain a small
cluster of homogeneous contents and those
vacuoles that are empty.
NBF, Trichrome.
X 1000

Figure 48

Epithelium of the anterior intestine of a fish
killed 9 hours after a bread meal.
Note the
vacuolization pattern of the sub-border and
supranuclear regions which is approaching that
of the 2-day starved fish in figure 26.
Bouin's,
Trichrome.
X 1000
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Figure 47

Figure 48
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Figure 49

Epithelium of the rectum of a fish killed 9
hours after a bread meal.
Note the large
PAS positive granules scattered throughout the
epithelium of the mucosal fold.
NBF, PAS.
X 1000

Figure 50

Epithelium of the anterior rectum of a fish
killed 9 hours after a bread meal.
Note the
distinct decrease in size of the food vacuoles
as compared with figures 46 and 47.
Note also
that some of these vacuoles are empty while
others have contents.
NBF, Trichrome.
X 1000
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Figure 50
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Figure 51

Cross section of the anterior intestine of a
fish killed 3 hours after a crab meat meal.
Note the highly distended wall of the intestine
and the compressed and shortened folds.
Note
also the foodstuffs in the lumen.
NBF,
Trichrome.
X 100

Figure 52

A mucosal fold of the anterior intestine of a
fish killed 3 hours after a crab meat meal.
Note the slight increase in v acuolization in
the sub-border and supranuclear regions at the
tip of the fold.
Note also the very light
staining pattern of these regions.
NBF,
Trichrome.
X 1000

Figure 52
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Figure 53

Epithelium of the posterior intestine of a fish
killed 3 hours after a crab meat meal.
Note
the small food vacuoles in the sub-border and
supranuclear regions.
Note also the cluster of
granular contents within the vacuoles.
NBF,
Trichrome.
X 1000

Figure 54

Epithelium of the anterior intestine of a fish
killed 6 hours after a crab meat meal.
Note
the increase in vacuolization of the sub-border
and supranuclear regions at the tip of the fold.
Note also the light staining pattern of these
regions.
Bouin's, Trichrome.
X 1000
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Figure 54
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Figure 55

Epithelium of the anterior rectum of a fish
killed 6 hours after a crab meat meal.
Note
the small food vacuoles and the cluster of
granular contents within the Vacuoles.
Bouin's, Trichrome.
X 1000

Figure 56

Epithelium of the anterior rectum of a fish
killed 9 hours after a crab meat meal.
Note
the numerous large food vacuoles in the sub
border and supranuclear regions.
Note also
the cluster of contents within the vacuoles.
Bouin's, Trichrome.
X 1000
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Figure 55

Figure 56
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Figure 57

Junction of the transition zone and the anterior
intestine.
Note the sudden appearance of alkaline
phosphatase reaction in the free border of the
intestine and the granular cells in the epithe
lium.
Note also the intense enzyme activity in
the submucosa of both regions.
Ethyl Alcohol.
X 100

Figure 58

Alkaline phosphatase reaction in the posterior
portion of the middle intestine of a 6-day
starved fish.
Note the weak enzyme activity
in the free border as compared with figure 57.
Ethyl Alcohol.
X 100
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Figure 57

Figure 58
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Figure 59

Alkaline phosphatase reaction in the posterior
intestine.
Note jthe weak enzyme activity in
the free border of some of the folds and the
absence of phosphatase activity in this border
of the other folds.
Ethyl Alcohol.
X 100

Figure 60

Alkaline phosphatase reaction in the middle
intestine of a fish killed 6 hours after a
bread meal.
Note the absence of enzyme acti
vity in the free border.
Note also the
ohosphatase activity in the submucosa.
Ethyl
Alcohol.
X 100

Figure 59

Fiture 60
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Figure 61

Alkaline phosphatase reaction in the middle
intestine of a fish killed 9 hours after a
bread meal.
Note the weak enzyme reaction
in the free border.
Ethyl Alcohol.
X 100

Figure 62

Alkaline phosphatase reaction in the posterior
intestine of a fish killed 3 hours after a
bread meal.
Note the enzyme activity in the
free border.
Note also the phosphatase act i
vity in the submucosa.
Ethyl Alcohol.
X 100
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Figure 62
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Figure 63

Alkaline phosphatase reaction in the posterior
portion of the rectum of a fish killed 3 hours
after a bread meal.
Note the absence of enzyme
activity in the free border.
Ethyl Alcohol.
X 100

Figure 64

Alkaline phosphatase reaction in the posterior
intestine of a fish killed 6 hours after a
bread meal.
Note the absence of enzyme acti
vity in the free border.
Note also the
phosphatase activity in the submucosa.
Ethyl
Alcohol.
X 100
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Figure 64
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Figure 65

Alkaline phosphatase reaction in the posterior
intestine of a fish killed 9 hours after a
bread meal.
Note the weak enzyme activity
in the free border.
Ethyl Alcohol.
X 100

Figure 66

Alkaline phosphatase reaction in the posterior
intestine of a fish killed 6 hours after a crab
meat meal.
Note the intense enzyme activity in
the free border.
Note also the phosphatase
activity in the submucosa.
Ethyl Alcohol.
X 100

Figure 65

Figure 66
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Figure 67

Neutral lipid distribution and concentration
in the anterior intestine of a 2-day starved
fish.
Note the heavy concentration of lipid
droplets in the epithelium.
Note also the
heavy"concentration of lipids in the sub
mucosa at the tips of the folds.
Oil Red 0.
X 100

Figure 68

Neutral lipid distribution and concentration in
the middle intestine of a 2-day starved fish.
Note the lighter concentration of lipid droplets
in the epithelium as compared with figure 67.
Note also the lipids in the submucosa at the
tips of some of the folds.
Oil Red 0.
X 100
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Figure 68
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Figure 69

Neutral lipid distribution and concentration in
the posterior intestine of a 2-day starved fish.
Note that the epithelium is almost devoid of
lipids.
Note also the heavy concentration of
lipid droplets in the submucosa at the tips of
the folds.
Oil Red 0.
X 100

Figure 70

Neutral lipid distribution and concentration in
the rectum of a 2-day starved fish.
Note that
the epithelium is almost devoid of lipids.
Note
also the heavier concentration of lipid droplets
in the submucosa at the tips of the folds as
compared with figure 69.
Oil Red 0.
X 100
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Figure 70
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Figure 71

Neutral lipid distribution and concentration in
the anterior intestine of a 6-day starved fish.
Note the distinct decrease in the concentration
of lipids as compared with figure 67.
Oil Red 0.
X 100

Figure 72

Neutral lipid distribution and concentration in
the middle intestine of a 6-day starved fish.
Note the sharp decrease in the concentration of
lipids as compared with figure 68.
Oil Red 0.
X 100
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Figure 72
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Figure 73

Neutral lipid distribution and concentration in
the anterior intestine of an 8-day starved fish.
Note that the epithelium is devoid of lipids.
Note also that a light concentration of lipid
droplets is present throughout the submucosa.
Oil Red 0.
X 100

Figure 74

Neutral lipid distribution and concentration in
the middle intestine of a fish killed 3 hours
after a dogfish liver meal.
Note the heavier
concentration of lipids in the epithelium at
the tips and the upper sides of the folds as
compared with figure 67.
Note also the light
concentration of lipid droplets in the sub
mucosa.
Oil Red 0.
X 100

163

Figure 73

Figure 74
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Figure 75

Neutral lipid distribution and concentration in
the posterior intestine of a fish killed 5
hours after a dogfish liver meal.
Note the
heavy concentration of lipids at the tips and
the sides of the folds.
Oil Red 0.
X 100

Figure 76

Neutral lipid distribution and concentration in
the middle intestine of a fish killed 6 hours
after a dogfish liver meal.
Note the heavier
concentration of lipids throughout the epithe
lium as compared with figure 74.
Note also the
many large lipid droplets.
Oil Red 0.
X 100

Figure 75

Figure 76
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Figure 77

Neutral lipid distribution and concentration
in the posterior intestine of a fish killed 6
hours after a dogfish liver meal.
Note the
definite increase in the concentration of
lipids at the tips and the upper sides of the
folds as compared with figure 75.
Oil Red 0.
X 100

Figure 78

Neutral lipid distribution and concentration in
the middle intestine of a fish killed 9 hours
after a dogfish liver meal.
Note the heavy con
centration of lipids still present in the
epithelium.
Note also the reduction in size
of the lipid droplets as compared with figure
76.
Oil Red 0.
X 100

Figure 77

Figure 78
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Figure 79

Neutral lipid distribution and concentration in
the posterior intestine of a fish killed 9
hours after a dogfish liver meal.
Note the
heavier concentration of lipids in the ep it he
lium at the tips and the sides of the folds as
compared with figure 77.
Note also that the
lipid droplets are reduced in size.
Oil Red 0.
X 100

Figure 80

Neutral lipid distribution and concentration in
the rectum of a fish killed 9 hours after a dog
fish liver meal.
Note the moderate concentration
of lipids scattered throughout the epithelium.
Oil Red 0.
X 100

Figure 79

Figure 80
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Figure 81

Granular cell in the epithelium of the posterior
intestine of a 2-day starved fish.
Note the
cluster of small lipid droplets.
Oil Red 0.
X 1000

Figure 82

Portion of a mucosal fold in the anterior in
testine of a 2-day starved fish.
Note the
prominent display of phospholipids in the
supranuclear and the infranuclear regions.
Note
also the negative phospholipid sub-border region
between the free border and the intense concen
tration of phospholipids in the upper portion of
the supranuclear region.
Acid Hematin.
X 400
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Figure 83

Portion of a mucosal fold in the rectum of a
2-day starved fish.
Note the reduction in the
concentration of phospholipids in the supra
nuclear and the infranuclear regions.
Note
also the markedly positive phospholipid re
action of the rodlet cells in the epithelium
and the vascular elements in the submucosa.
Acid Hematin.
X 400

Figure 84

Phospholipid reaction in the anterior intestine
of a fish killed 3 hours after a dogfish liver
meal.
Note the striking reduction of phos pho 
lipids in the supranuclear and the infranuclear
regions at the tips and the upper sides of the
folds.
Note also the reduced phospholipid
components of the submucosa.
Acid Hematin.
X 100
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Figure 84
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Figure 85

Phospholipid reaction
a fish killed 3 hours
Note the depletion of
the tips of the folds
Acid Hematin.
X 100

in the middle intestine of
after a dogfish liver meal.
phospholipids solely at
as compared with figure 84.

Figure 86

Phospholipid reaction in the posterior intes
tine of a fish killed 3 hours after a dogfish
liver meal.
Note the depletion of pho sph o
lipids only at the tips of a few folds as
compared with figure 85.
Acid Hematin.
X 100
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Figure 85
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Figure 86
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Figure 87

Phospholipid reaction in the anterior intestine
of a fish killed 6 hours after a dogfish liver
meal.
Note the increase in phospholipid deple
tion along the sides of the folds as compared
with figure 84.
Acid Hematin.
X 100

Figure 88

Phospholipid reaction in the middle intestine of
a fish killed 6 hours after a dogfish liver meal.
Note the increase in "phospholipid depletion in
the upper part of the folds as compared with
figure 85.
Acid Hematin.
X 100
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Figure 88
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Figure 89

Phospholipid reaction in the anterior intestine
of a fish killed 9 hours after a dogfish liver
meal.
Note that the sub-border and the supra
nuclear regions are not clearly discernible.
Acid Hematin.
X 400
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Figure 89

